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Onderstepoort Journal of Veterinary Science and Animal 
Industry , Volume 13, Number 1, July , 1939. 

Printed in the Union of South Africa by the 
Government Printer, Pretoria. 


Ovine Anaplasmosis: The Transmission of 
Anaplasma ovis and Eperythrozoon ovis to 
the Blesbuck (Damaliscus albifrons). 

By W. (). NEITZ, Section of Protozoology and Virus Diseases, 

Onderstepoort. 


Introduction. 

The transmission of Anaplasma marginale and Anaplasma centrale 
to several species of South African antelopes was discussed by Neitz 
and du Toit (1932) and Neitz (1935). The experiments showed that 
A . marginale produced an active infection in the blesbuck, the duiker 
and the blackwildebcest, whereas *4. centrale resulted in a latent 
infection in the blesbuck. 

According to Lignieres (1919) .4. marginale produces a latent 
infection in sheep and goats. This observation in sheep was con¬ 
firmed bv Kraus, Dois and O.vurzabal (1922), Nergent, Donation 
and Lestoquard (1924) and Neitz and du Toit (1932). Theiler (1910) 
and de Kook and Quinlan (1920), on the other hand, failed to infect 
sheep with A. marginale . Their experiments were carefully carried 
out, and it must therefore be concluded that sheep cannot always 
become infected with bovine anaplasmosis. 

De Kook and Quinlan (1920) and Donation and Lestoquard (1930) 
showed that cattle are not susceptible to A. ovis . 

On account of the difference in the behaviour of the three species 
of anaplasma in the ruminants mentioned above, experiments were 
undertaken to ascertain the response of the blesbuck to A . ovis. 


Experimental Observations. 

Three blesbuck (Damaliscus albifrons) were obtained through 
the kindness of the Provincial Administration of the Orange Eree 
State from the Summerville Game Reserve at Theunissen. They 
arrived at Onderstepoort in May, 1930, and were kept in a com¬ 
paratively tick free camp until they were needed. During the period 
that they were used for these experiments, they were kept in a stable. 
At first the animals were wild but they soon became so tame that 
the daily temperature and blood smears could be taken without great 
difficulty. 
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OVINE ANAPLASMOSIS. 


The Transmission op Anaplasma ovis and Eperythrozoon ovis 

TO THE BlESDUCK. 

The details about the subinoculations will be found in Table 1. 

Experiment 1. (*S\ 6382.) 

Object .—To ascertain whether one of the blesbuck harbours any 
blood parasites transmissible to sheep. 

Method .—Blood frbm blesbuck 47080 was injected subcutane¬ 
ously into two susceptible splenectomized sheep 41481 and 41596. 
Blood smears were examined daily for a period of 4 weeks. 

Result. —No blood parasites could be demonstrated in either of 
the two sheep. 

Conclusion. —Blesbuck 47080 did not harbour any blood parasites 
transmissible to sheep. It was assumed that since the blesbuck 
47080 was free of parasites, that blesbuck 47086 and 47350 would 
also be free. Sufficient susceptible splenectomized sheep were not 
available to test each animal separately. 


Experiment 2. 

Object .—To transmit A. ovis and Ep. ovis to blesbuck 47080 
and 47350. 

Method. —Mixed blood of two sheep 40306 and 40326 harbouring 
A . ovis and Ep. ovis was injected into the two blesbuck. 

Result. —Both antelopes reacted to A. ovis which was demon¬ 
strated on the 27th day in case of blesbuck 47080 and on the 32nd 
day in case of blesbuck 47350. Pronounced anaemia was observed 
clinically and microscopically in both animals. In neither of the 
animals could Ep. ovis be demonstrated microscopically. The tem¬ 
peratures remained normal (99-102° F.) throughout the period of 
observation. There was a gradual loss of condition and general 
weakness even after the disappearance of the parasites from the 
blood stream. 

Blesbuck 47080 died 107 days after infection. At post-mortem 
this animal showed emaciation, anaemia, acute gastro-enteritis, 
oedema of the lungs, gelatinous iufiltration of the fat and a Buno- 
stomtum trigonocephalum infestation. 

Blesbuck 47350 died 103 days after receiving the infected blood. 
At autopsy ascites, hydrothorax, hjrdropericard, subendocardial 
haemorrhages, cachexia, gelatinous infiltration of the fat and 
oxyuriasis were observed. 

Conclusion .— A . ovis could be transmitted to both antelopes. 
Ep. ovis could not be demonstrated microscopically, but may have 
been present as a latent infection. It is not clear to what extent 
the verminosis influenced the degree of anaemia. Both animals died 
several weeks after the disappearance of the parasites from the blood 
stream. It is possible that under these unnatural conditions the 
anaplasmosis infection was indirectly responsible for the deaths. 
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W. O. NE1TZ. 


Experiment 3. 

Object.—To confirm the microscopic diagnosis of A . ovis made 
in the previous experiment, by injecting blood from the antelopes 
into sheep, calves and a blesbuck. 

Method. — (n) Blood from blesbuck 47080 was injected into two 
splenectomized sheep 41481 and 41590 used in experiment No. 1, 
into calf 7310, and into blesbuck 47080. 

(6) Blood from blesbuck 47350 was injected into calf 7304. 

Result. — (a) Sheep 41481 reacted to A. ovis, but three days 
after the appearance of the parasites, the animal died from meieorism 
of the rumen. Ep. ovis could not be demonstrated in this animal, 
but would probably have appeared had the animal lived longer, 
since this animal was known to be fully susceptible. Sheep 41590 
leaded to A. ovis and Ep. ovis. A very marked anaemia developed 
as the result of the mixed infection, and the animal died eight days 
after the first appearance of the parasites. 

Blesbuck 47080 reacted to A. ovis, but Ep. ovis could not be 
demonstrated microscopically. The infection did not produce a 
febrile reaction. The animal died 14 days after the first appearance 
of the parasites. At autopsy there were anaemia, icterus and a light 
Haemonchus contort us infection present. 

Calf 7310 did not react to .4. oris. Three months later this calf 
was injected with A. mar pinole to which it reacted 21 days later. 

Calf 7304 did not react to *4. ovis. Six weeks later blood from 
this calf was injected into three sheep which failed to react to 
.4. ovis. These sheep were later found to be susceptible to A. ovis. 
The calf reacted to A. tnarginale on testing its susceptibility. 

Conclusion .—It was possible to confirm the microscopic diag¬ 
nosis of A. ovis and to demonstrate a latent infection of Ep. ovis in 
one of the blesbuck by subinoculation of blood into a susceptible 
splenectomized sheep. The second splenectomized sheep died, and 
wmuld probably also have reacted to Ep. oris since it was fully sus¬ 
ceptible. 

Both the inoculated calves failed to react to A. ovis , and they 
were subsequently found to be susceptible to A. marginale. 


Discussion. 

In the appended Table II, an attempt is made to show the 
different characteristics of the anaplasma of the ruminants. It will 
be noticed that the information on this subject is incomplete, but 
nevertheless a number of important points are available, especially 
those on the susceptibility of the different species of the family 
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OVINE ANAPLASMOSIS. 


Table 1 . ( 8 . 6882 .) 


D.O.B. Number 
of Animal. 

Injected from. 

Object. 

Dose of 
Blood. 

Blesbuck 47080. 

Sheep 40306 and 40326 both carriers of 
A. ovis and Ep. ovis. 

To transmit the ])arasites of the donors to 
the blesbuck 

10 c.c. i.v., 10 
c.e, subcut 

41481. Susceptible 
splenectomized sheep 

Blesbuck 47080 beforo receiving infective 
dose 

To ascertain whether blesbuck harbours 
any blood parasites 

10 c.c. i.v. 


Blesbuck 47080 while showing A. ovis in 
the blood 

To confirm tho diagnosis of A, ovis in 
blesbuck 

10 c.c, i.v. 

41596. Susceptible 
8|)lene(!tomizfid sheep 

Blesbuck 47080 before receiving infective 
dose 

To ascertain whether blesbuck harbours 
any blood parasites 

10 c.c. i.v. 


Blesbuok 47080 while showing A, ovis in 
the blood 

To confirm the diagnosis of A. ovis in the 
blesbuck 

10 c.c. i.v. 

Blesbuck 47086. 

Blesbuck 47080 whilo reacting to A. ovis. 

To transmit A. ovis to blesbuck. 

10 c.c. i.v. 

Bovine 7316. 

Blesbuck 47080 whilo reacting to A. ovis.. 

To exclude the possibility of A. marginals 
infection in the blesbuck 

10 c.c. i.v. 


Bovine 7319, a carrier of A. marginals.... 

To ascertain whether Bovine 7316 is 
susceptible to A. marginale 

10 c.c. i.v. 

Blesbuck 47350. 

Sheep 40306 and 40326, both earners of 
A. ovis and Ep. ovis t 

To transmit the parasites of the sheep to 
blesbuck 

10 (’.c, i.v. 

Bovine 7364. 

Blesbuck 47350 while roacting to A, ovis.. 

To exclude the possibility of A. marginals 
infection 

10 c.c. i.v. 


Calf 7316, a carrier of A. margimk . 

To ascertain whether bovine 7364 is bus- 
ceptible to A. marginale 

10 c.c. i..v.... 

Sheep 62873. 

Bovine 7364. 

To ascertain whether bovine 7364 harbours 
a latent infection’of A. ovis 

10 c.c. i.v. 


Sheep 41835, 47079 and 46053. 

To ascertain whether Bheep 52872 is sus¬ 
ceptible to A. otris 

10 c.c, i.v. 

Sheep 52683. 

Bovine 7364. 

To ascertain whether bovine 7364 harbours 
a latent infection of A. ovis 

10 c.c, i.v. 


Sheep 41835, 47079 and 46053. 

To ascertain whether sheep 52683 is sub* 
ceptible to A. ovis 

10 c.c. i.v. 


Sheep 52737. Bovine 7364. To ascertain whether bovine 7364 harbours 10 c.e. i.v. 

a latent infection of A. om 

Sheep 41835, 47079 and 46053. To ascertain whether sheep 52737 is sue* 10 o.o. i.v. 

__ _ceptible to A, om _ 


12 























Table 1. (8. M82 )—continued. 


W. 0. NEITZ, 




Result. 



Date. 

Incu- 

batior 

Perioc 

in 

Days. 

Amplama Ovie, 

Incu¬ 

bation 

Period 

in 

Days. 

Eperythmm Ovie. 

7/1/1938 

27 

Parasites appeared in large number*, At the beginning 
of the experiment tho erythrocyte count was 6 million, 
and the 14th day after tho first appearance of the 
parasites, the erythrocyte count had dropped to 
1*5 million. The blood showed basophilia, poly* 
chromasia anisocytosis anti Jolly bodies. Parasites 
could be demonstrated for a period of 60 days. 
Blesbuck died 24/4/1938 


Ep. ovie could not bo demonstrated micro- 
conically. The presence of a latent 
infection was shown by sub-inoculating 
blood into sheop 41596. 

7/1/1938 

... 

No blood parasites could be demonstrated. 


- 

4/2/11)38 

21 

A, ovie could bo demonstrated for 3 days. Shoop did 
from hovon 27/2/1938 

- 

Ep. ovie did not appear. 

7/1/11)38 

- 

No blood could be demonstrated. 

- 

- 

4/2/1938 

15 

A. ovis could bo demonstrated for 8 days. Sovore 
anaemia developed anti shoop died 25/2/1938 

15 

Ep. ovie appeared in largo numbers and 
undoubtedly complicated A. ovis infection. 

17/2/11)38 

20 

A, ovie appeared in large numbers. Animal died 
21/3/1938 

- 

Ep ovis could not bo demonstrated micro¬ 
scopically. 

211/2/11)38 

— 

No parasites seen in blood smoars for u period of 100 j 
days 

i 

__ 1 

1 

18/5/11)38 

21 

A typical A. mnrqimik infection was observed. i 



28/4/1938 

32 

.4. ovie appeared in large numbers, and produced 1 
marked anaemia. Parasites seen for a period of 
40 days. Animal died 6/8/1938 

1 

i 

_ i 

Ep. ovis could not demonstrated micro¬ 
scopically. 

8/7/1938 


No blood parasites apjieared for a period of 8 weeks.. 

I 


- 

2/9/1938 

_„. 1 

12 

A typical A. mrginok infection was observed. 


• _. 

22/8/1938 

- i 

Did not react to A. ovis . 

-■ 

Did not react to Ep. ovie. 

211/9/1938 

15 

Reacted to A, one..,. . 

15 

Reacted to Ep. ovie. 

22/8/1938 

- 

Did not react to A. ovie . 

- 

Did not react to Ep. ovie. 

28/9/1938 

15 

Reacted to A. ovie . 

15 

Reacted to Ep. ovie. 

22/8/1938 

— 

Did not react to A. ovie . 


Did not react to Ep. ovie. 

26/9/1938 

30 

Reacted to A. ovie . 

- 

Did not react to Ep, ovie. 
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Cavicornidae . The susceptibility of the bovine and the blesbuck to 
the three species of Anaplasma has been fully worked out, whereas in 
the other ruminants this information is still lacking. Cattle are 
susceptible to A . marginale and A. centmle only. The blesbuck is 
susceptible to all the three species of anaplasma. In this antelope 
A . marginale and A. oris produce active infections, whereas A. 
centrale results in a latent infection. With this information one 
should be able to isolate A . marginale in a pure state from a blesbuck 
that harbours a mixed infection of A. marginale and A . ovis by 
passaging the blood through cattle. On the other hand no method 
can be indicated for obtaining a pure strain of A. ovis from such a 
mixed infection, because all the ruminants mentioned in Table II 
are susceptible to A. marginale . 

Another important fact that has been demonstrated is that the 
passage of these organisms through the various species of ruminants 
does not influence their chief characteis, viz., their situation in the 
erythrocytes and their morphological structure. 


Conclusions. 

1. Anaplasma ovis produces an active infection in the blesbuck. 
The incubation period varies from 20 to 32 days. The parasites can 
be demonstrated microscopically for a period of 40 to 60 days. 
Anaemia resulted from the infection. 

2. A latent infection of Epnythrozoon ovis in one of the bles¬ 
buck w r as demonstrated by subinoculination of blood into a suscep¬ 
tible splenectomized sheep. 

3. The three blesbuck died. It is however not dear whether the 
anaplasmosis reaction was indirectly responsible for the deaths. 

4. It w*as not possible to transmit A . ovis from the blesbuck to 
the cattle. 

5. A. oris did not change its characteristic morphology by 
passage through the blesbuck. 

6. There is good reason to believe that blesbuck can act as 
reservoirs of A. oris under natural conditions. 
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Studies of the Rickettsias of the Typhus- 
Rocky-Mountain-Spotted-Fever Group in 
South Africa. I.—Isolation of Strains. 

By It. A. ALEXANDER, J. H. MASON and W. 0. NEITZ, 
Section of Protozoology and ViruR Diseases, Onderstepoort. 


Hkseahcii work into headwater, a disease of sheep, goals, and cattle 
caused by Rickettsia rnminantium (Cow dry 1920) has been 
hampered to a very great extent by the lack of a susceptible small 
laboratory animal. Up to the present all efforts to infect the guinea- 
pig, rabbit, rat, and mouse have been quite unsuccessful. It was, 
therefore, decided to procure one or more strains of the typhus group 
of rickettsias, which are pathogenic for guinea-pigs, to serve as a 
positive control for certain technique and experimental methods. 
During the course of this work other rickettsias were encountered 
and ultimately were compared with a strain of fievre boutonneuse 
kindly supplied by Dr. Balozet of Tunis. The present series of 
papers is presented to record the observations that have been made, 
in the hope that the data may be of value in helping to clarify the 
somewhat confused position of the South African rickettsias in the 
current literature. 


A. Strain “ Appleton 

On May 5th, 1930, an assistant reported that a dog, belonging 
to him, had developed biliary fever and made a request for the 
animal to be treated. The history supplied was that 9 days pre¬ 
viously the dog, a smooth-haired Fox Terrier puppy about 8 months 
old, had accompanied the owners to a picnic held on the banks of a 
river some sixteen miles north of Pretoria. During the following 
w r eek many partially engorged ticks were noticed on the animal; 
these were removed from time to time by hand and w r ere destroyed 
without identification. The dog then became ill; the symptoms 
described were listlessness anorexia, anaemia, and fever. In spite 
of the history, which strongly supported a diagnosis of infection with 
Piroplasma cams , treatment was refused pending an accurate 
diagnosis and the owner was instructed to submit bloodsmears on 
the following day. A thorough examination of these preparations, 
stained by Oiemsa, failed to reveal the presence of any piroplasms, 
nor was any sign of anaemia apparent. The owner w^as then in¬ 
structed to present the dog for clinical examination. The puppy, 
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when seen the following morning, was in good condition but dull 
and disinclined to run about; temperature 103*5° F.; respiration 
slightly accelerated; pulse rapid, full, and not bounding; conjunc¬ 
tiva pink; urine normal; slight watery discharge from the eyes and 
nostrils; in addition it was reported that the patient had vomited 
several times during the night and had developed diarrhoea. Blood- 
smears were taken and revealed the presence of an occasional baso¬ 
philic and polychromatic erythrocyte but no piroplasms. In the 
afternoon the temperature had risen to 105° F. so blood was taken 
from the jugular vein and injected, in 3 c.c. amounts, intraperi- 
toneally into each of 3 guinea-pigs. The dog was returned with a 
tentative diagnosis of distemper and symptomatic treatment pre 
scribed. Two days later it was reported that the dog had made an 
uneventful recovery. 

The following is the history of the inoculated guinea-pigs: — 

1. Guinea-pig 1 showed a sharp rise in temperature to 105° F. 

on the afternoon of the 4th day; on the following morning 
the temperature had returned to ±103° about which level 
it fluctuated for 7 days when the animal was killed by 
ether anaesthesia and a saline emulsion of the brain 
divided equally between two guinea-pigs by intraperi¬ 
tonea l injection. 

2. Guinea-pig 2 .—The temperature fluctuated slightly below 

103° F. for 10 days and then rose to 104° F. As the 
guinea-pig appeared to be somewhat dull and flaccid it 
was killed and the brain injected intraperitoneally into 
two more guinea-pigs. 

3. Guinea-pig 3.—During a period of 4 weeks, showed no rise 

in temperature nor apparent departure from normal health 
and was discharged. 

Post-mortem examination o"f the two sacrificed guinea-pigs 
showed no abnormality other than a slight but definite enlargement 
of the spleen. 

All four guinea-pigs of the second generation showed a marked 
febrile reaction reaching a maximum of 105*2° F. after an incuba¬ 
tion period of four days. They were killed on the 10th day after 
injection when the temperature showed a tendency to drop and the 
condition, subsequently shown to be due to a rickettsia (see Part 2), 
was maintained by brain-peritoneum sub-inoculation. 


B. Strain “ Hare 

On August 1st, 1936, a grey hare (Lepus saxatilis) was shot on 
a farm in the neighbourhood of Premier Mine in the Pretoria Dis¬ 
trict. The hare was placed in a large china basin overnight and 
on the following morning the ticks which had detached were 
collected. A total of 12 partially engorged nymphae, identified as 
Hyalomma aegyptium var, impremm , were placed on the back of a 
guinea-pig being confined by a wire gauze cage held in position by 
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adhesive calico. Only 5 ticks attached and engorged to repletion, 
the remaining 7 being found dead in the gauze cage; engorgement 
was completed in 8 days (5.8.156 to 13.8.36). The guinea-pig showed 
no febrile reaction but from the 7th to 9th day after the attachment 
of the ticks it was noticed to be dull. On the 9th day it was killed 
by ether anaesthesia and a saline emulsion of the entire brain was 
divided between two guinea-pigs, the inoculum being given intra- 
peritoneally. Both guinea-pigs developed a febrile reaction after 
an incubation period of 4 days and the disease, subsequently shown 
to be due to a rickettsia (see Part 2), has been maintained by brain- 
peritoneum inoculation from that time. 

C. Strain “ Robertson ”. (Tick Bite Fever.) 

This strain was obtained from Dr. «T. H. S. Gear of the South 
African Institute for Medical Research, Johannesburg, who in 
collaboration with I)r. Bevun (1936) has published a preliminary 
report on the disease in man. It was isolated from the. blood of a 
human patient who became ill after being associated with the de¬ 
ticking of dogs. According to Gear (personal communication) con¬ 
firmed by a limited number of cross-immunity tests by us, the strain 
is immunologieally identical with several other strains he isolated 
from human cases on the Witwatersrand. Moreover, Gear and 
Douthwaite (1939) reported complete reciprocal cross-immunity with 
an additional strain isolated from a dog tick Hacnmphysalis leachi . 

D. Strain Rat Typhus. 

This strain also was obtained from Dr. Gear. Originally it was 
isolated by Dr. M. F. Finlavson, Public Health Laboratory, Cape¬ 
town, who supplied the following particulars: — 

“ The strain of rat typhus which I gave to Dr. Gear was 
isolated from the brains of wild rats caught on a farm in the 
Klein Drakenstein uiea near Paarl in November, 1935. A 
case of typhus had occurred on this farm and I saw the ease 
in convalescence hut was unable to isolate virus from the 
blood. Apparently a focus of rat typhus infection occurs in 
this area as three years earlier a case occurred near Paarl and 
a strain of murine typhus w T as isolated from rats by Dr. 
Rhodes. My strain and that of Dr. Rhodes appear to be 
identical by cross-immunity tests and reactions. The strain 
has been passaged in guinea-pigs at ten-day intervals until 
recently when it was discontinued voluntarily. Takes have 
been most regular and I have no reason to believe that the 
strain has altered in virulence since its isolation .” 

E. Fievre boutonneuse. 

The strain of fievre boutonneuse was isolated from ticks, 
Rhipicephalus sanguineus , kindly supplied by Dr. L. Balozet of the 
Pasteur Institute, Tunis. The ticks, which had been collected from 
dogs, were forwarded by ordinary mail in what appeared to be a 
section of bamboo or cane plugged with cork. 
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To establish infection in guinea-pigs two methods were adopted: 

(a) Intraperitoneal injection of saline emulsion of whole ticks. 

(b) Feeding ticks. 

(a) Injection of tick emulsion .—This was the method adopted 
with success by Pijper and Dau (1936). Before^ emulsification the 
ticks were washed in ether for several minutes (ether changed twice) 
then in sterile saline (changed 4 times); they were then ground up 
with sterile precautions in a mortar, the requisite amount of saline 
being added in small quantities from time to time. To eliminate 
coarse particles the emulsion was spun lightly at 1,500 revs, per 
minute for 1 minute and the supernatant fluid was immediately 
injected intraperitoneally into guinea-pigs. The guinea-pigs were 
iemperatured twice daily and subinoculations were made at any time 
between the 7th and 18th day when a febrile reaction appeared to 
warrant it. For subinoculation an emulsion of brain only was used, 
ihe dose for each guinea-pig being not less than one-quarter of a 
brain. 

Altogether 3 attempts were made to establish a strain in this wa> 
without success, as follows: — 

1. On 11.10.37 200 completely or partially engorged nymphae, 

immediately on arrival from Tunis, were emulsified and 
divided among 6 guinea-pigs. Serial passage through 
guinea-pigs was carried out for 11 generations without 
establishing infection, and the attempt was abandoned. 

2. On 13.11.37 it was found that 50 nymphae, which had 

been maintained in a constant humidity (80 per ceat.) 
and temperature (80° F.) room, had recently moulted to 
adults. These ticks were fed on 4 guinea-pigs; after 
being attached for 5 days (i.e. partially engorged) they 
were removed, emulsified and the emulsion divided intra¬ 
peritoneally among 4 guinea-pigs. Subinoculations were 
carried out in the usual*manner for 4 generations but 
infection was not established. 

3. On 2.12.38 an emulsion of approximately 50 adults and 

nymphae of a second batch of ticks received from Tunis 
w r as divided intraperitoneally among 3 guinea-pigs. On 
the 5th day after injection one of these guinea-pigs com¬ 
menced a febrile reaction, which attained a maximum of 
105*2° F. on the 8th day when the brain was sub¬ 
inoculated into 4 guinea-pigs. All the guinea-pigs of the 
second generation succumbed to peritonitis as a result of 
bacterial infection. 

(b) Feeding Ticks .—On 11.11.37 about 12 adults were placed on 
the backs of each of 5 guinea-pigs. The ticks attached readily. All 
the guinea-pigs showed a slight febrile reaction between ihe 6th 
and 10th day after tick infestation though only in one case did the 
temperature rise above 105° F. Two, which showed the most severe 
reaction, were subinoculated on the 10th and 11th day respectively, 
with the following results: — 

1. All three guinea-pigs succumbed to peritonitis of bacterial 
origin. 
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2. Both guinea-pigs commenced a febrile reaction on the 6th 
day after injection, the temperature rising to a point 
above 105° F. on the 9th and 10th day respectively. Both 
guinea-pigs were destroyed for serial passage on the 10th 
day and the disease has been maintained by serial brain- 
peritoneum inoculation. 

Comment .—The demonstration of rickettsia in smears prepared 
from the tunica vaginalis of the testes has indicated that a rickettsial 
infection is being maintained. Morphologically these rickettsias 
closely resemble those described by Hass and Pinkerton (1936). In 
spite of this it is admitted readily that there is no direct experimental 
evidence to prove that the rickettsia infection isolated is that to which 
the name fievre boutonneuse has been applied in the literature. 
However, there is little reason to doubt the contention for the follow¬ 
ing reasons: — 

1. Balozet informed us that no strain of fievre boutonneuse is 

maintained in guinea-pigs in the laboratory at Tunis. 
Whenever a strain is required for experimental purposes 
it is isolated from ticks (ft. sanguineus) collected from 
dogs at the Institute. It is from these ticks that our 
strain was established. 

2. We have carried out sufficient work at Onderstepoort, in¬ 

volving the serial passage of guinea-pig brain material 
in guinea-pigs to be reasonably certain that the available 
stock of guinea-pigs do not harbour a transmissible 
rickettsial infection. 

For these reasons we have not hesitated to label the strain 
“ fievre boutonneuse ”, It is quite possible that minor differences 
in respect of some properties may be established when compared with 
other strains described in detail in the literature but for the purpose 
of these studies the North African strain was the one which could be 
most easily obtained. 


Summary. 

Details are given of the origin and methods of isolation of five 
strains of rickettsia. 

1. Strain “ Appleton ” from a dog. 

2. Strain “ Hare ” from ticks Hyalomma aeggptium collected 

from a hare (Lepns srr,ratilis). 

3. Strain “ Robertson ” (Tick-bite fever) from a human 

patient. 

4. Rat Typhus from a rat. 

5. Fifevre boutonneuse from ticks ( Rhipicephalus sanguineus) 

collected from dogs in Tunis. 

Bibliography. 

See conclusion of Part IV. 
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Studies of the Rickettsias of the Typhus- 
Rocky - Mountain - Spotted - Fever 
Group in South Africa. 

II.—Morphology and Cultivation. 


By R. A. ALEXANDER and J. H. MASON, Section of 
Protozoology anti Virus Diseases, Omlerstepoort. 


In the previous article (this journal) details were given of the source 
and method of isolation of five strains of riekettsia. These strains 
have been maintained either by serial passage in guinea-pigs, or by 
cultivation on the chorio-allantoic membrane of the chick embryo, 
or by both methods. In this paper the microscopic appearance of 
the scrotal exudate and method of egg-membrane cultivation will 
be described and the morphology of the rickettsias compared parti¬ 
cularly in view of Pinkerton’s classification of this group of 
organisms. (Pinkerton 193b.) 

Tkciiniqck. 

Smears of the exudate were made by scraping the surface of 
the retracted testicle, or the tunica vaginalis of the scrotum firmly 
but gently with a sharp scalpel, transferring the resulting fluid 
material to the edge of a clean glass slide and then drawing .the film 
in the usual way. Similar preparations were made from the surface 
of the spleen and the parietal peritoneum. 

Smears were fixed with May-Griinwald and stained with 
Giemsa (2 drops of HoHborn's Giemsa per c.c. of M/500 phosphate 
buffer pH 7 4 for 30 minutes). Differentiation in dilute acetic acid 
was not done but the stained films were washed very thoroughly in 
running water before being dried for examination. For the demon¬ 
stration of intranuclear rickettsias it was found advantageous to 
differentiate overstained preparations by exposure to diffuse sunlight 
for several days. In our hands Lepine’s or Castaneda’s stains were 
found to be quite unsatisfactory, but later a staining method recom¬ 
mended by Pinkerton (personal communication) has been used with 
success. Since no reference to the method has been noticed in the 
literature up to the present time the technique is detailed with due 
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acknowledgement of the source. Smears are fixed by very gentle 
heat fixation or preferably only by thorough air drying. Stain with 
0*25 per cent, aqueous solution of basic fuchsin for 3 to 5 minutes. 
Pour off the stain and without washing decolorize with 0*5 per cent, 
citric acid for about 5 seconds. Wash in water and counterstain 
with 1 per cent, aqueous methylene blue for 10 seconds. It is prefer¬ 
able to filter the basic fuchsin on to the slide through filter paper 
and to apply the citric acid from a pipette. The rickettsias stain 
bright red, the cellular material blue. This method has been of 
little value for morphological studies but it has been exceedingly 
useful for the rapid examination of preparations since it is quite 
remarkable with what rapidity rickettsias may be detected and an 
estimate of the degree of rickettsial infection obtained. 

Microscopic Appearance of the Exudate. 

The general microscopic picture with all strains was practically 
identical. In the early stages there was a marked increase in the 
number of neutrophiles and eosinophiles followed by a relative in¬ 
crease in the number of large mononuclear cells other than serosa 
cells. Then serosa cells in various stages of mitosis made their 
appearance, and many were seen with a vacuolated cytoplasm. By 
the end of the second day after the commencement of the scrotal 
reaction cellular phagocytosis had commenced. This was always a 
prominent feature and by the time the scrotal swelling had begun to 
decrease it was common to find 4 or 5 cells per oil immersion field 
literally crammed with erythrocytes, neutrophiles or eosinophiles 
and even containing monocytes. As the reaction passed off 
the degree of promiscuous phagocytosis decreased, the number of 
polymorphonuclear cells, monocytes, mitotic and vacuolated serosa 
cells progressively diminished until the picture had returned to 
normal. 

Rickettsias could be demonstrated regularly only in the early 
stages of the clinical scrotal reaction. Before this stage it was rare 
to find them, and 'later, when cellular phagocytosis was marked, a 
prolonged search was invariably fruitless. This observation is of 
interest in view of the high infectivity of testicular washings in 
the later stages of the reaction. Attention must be directed to one 
peculiarity which was observed constantly and that is the presence 
of a fairly fine, reddish-brown-staining, granular deposit which 
might be so voluminous as to obscure the general picture. The origin 
of this deposit and its nature is quite obscure, but careful control 
showed that it did not originate from either the fixative, the stain 
or the glass slides. 

Morphology of the Rickettsias. 

Strain “Hare ”.—Rickettsias were always exceedingly rare 
and could be demonstrated only in the initial stages of the scrotal 
reaction; even then it was frequently necessary to search through a 
well prepared and properly stained preparation for more than half- 
an-hour before finding 2 or 3 cells containing organisms. Typically 
the rickettsias are intracellular; extracellular forms have been found 
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but it seems probable that this location is due to rupture of cells 
during the process of drawing the film. The parasitized cells were 
of tw'o different types: — 

1. A large cell with a large light purple-staining, oval-shaped 

nucleus containing several well-defined nucleoli, i.e., a 
serosa cell. 

2. A smaller cell with a more compact darker-staining and 

usually indented nucleus, i.e., a monocyte. 

The exact nature of the cells was not determined either by supra¬ 
vital staining or by the injection of India ink. 

The rickettsias were never clumped together nor aggregated 
in the form of large masses of organisms to distend the cytoplasm 
or displace the nucleus. On the contrary they were irregularly 
scattered throughout the cytoplasm in numbers which permitted 
easy counting, the usual number being 6 to 14 though 80 or more 
have been found. (Cf. Plate 1, fig. 1 and 1A.) In spite of a very 
careful search, intranuclear organisms have never been seen in 
preparations from the guinea-pig. The morphology of individual 
organisms is typical. In stained smears the colour tends to the 
bluish side of purple and there is a characteristic “ soft ” appear¬ 
ance in contrast to the “ hard ” metallic lustre of granules of the 
polymorphonuclear cells. Usually the shape is lanceolate but all 
forms varying from paired cocci to elongated bacilli have been seen. 
No tendency to chain formation was observed at any time. Attention 
must be directed to the observation that, surrounding the large 
majority of individual rickettsias, there is a clear unstained halo of 
variable width; recognition of this halo is frequently of great assist¬ 
ance in identifying the organisms though it must be stated that 
whenever a typical riekettsia is seen there is seldom any doubt as 
to the identity. 

Rickettsias have been found more constantly in preparation 
from the testis but they have been present in peritoneum and sple€ 
surface films. 

Strains ik Appleton ”, “ Robertson ” and Fievre bovtonncvse .— 
As regards the frequency of the organisms, their localization and 
morphology, these strains were identical with strain “ Hare ” in all 
respects. 

Strain Rat Typhus .—In striking contrast to the scarcity of the 
organisms found in the exudate of guinea-pigs infected with strain 
” Hare ”, with the rat typhus strain, infected cells were frequently 
found in enormous numbers. Although the best preparations have 
been obtained during the early stages of the scrotal reaction infected 
cells have been found up to the 7th and 8th day. The typical loca¬ 
tion is intracytoplasmic although numerous organisms were extra¬ 
cellular, again undoubtedly due to mechanical factors. Only one 
type of cell has been found parasitized, viz., serosa cells, and 
rickettsias have not been found in monocytes or neutrophiles except 
under conditions certainly related to mechanical and traumatic 
factors. Within the serosa cells the rickettsias show a decided 
tendency to be aggregated in (dusters or colonies; this 
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tendency is exemplified in plate 2, fig. 3, which illustrates a cell 
containing a limited number of organisms yet the clumping is well- 
defined. Typically an infected cell is crammed with nckettsias 
(plate 2, fig. 5) so much so that the outline of the cell and the 
nucleus is distorted. Such cells may be picked out easily under low 
magnification since the distended dark blue cytoplasm is conspicuous. 
The rickettsias stain a delicate bluish purple and morphologically 
give the impression of being longer and finer than rickettsias of 
strain “ Hare ”. In the early stages of the reaction when indi¬ 
vidual cells contain only a limited number of parasites there is a 
definite tendency to chain formation so that one may pick up cells 
containing a thread-like network of rickettsias. As proliferation 
advances the organisms tend to become smaller so that when they 
are most numerous they take on a diplococcal or cocco-bacillary form. 
The morphology of individual organisms can be studied best by 
observing the extracellular forms. Usually these are in pairs con¬ 
sisting of two delicate rods separated by an unstained space of 
variable size, though frequently there is no intervening space so 
that a single bacillary form is found. The ends are usually rounded 
though they may be lanceolate. In the majority of cases the pairs 
are in a straight line but they may be bent at any angle and occa¬ 
sionally crescent forms are seen. Never have any intranuclear 
rickettsias been observed although particular attention has been 
paid to this point. 

Again rickettsias were found in greatest numbers and with 
greatest regularity in preparations from the tunica vaginalis of the 
testes; usually they could be demonstrated on the testes before being 
seen in films from the peritoneum or spleen surface. It may be 
stated generally that the order of their appearance was first on the 
testes, then on the peritoneum and then on the spleen and that they 
disappeared in the same rotation. 

Cultivation on the Chorio-ajllantoic Membrane of the 
Chick Embryo. 

Apart entirely from reports on the application of tissue culture 
methods to the cultivation of the rickettsias of the typhus—Rocky 
Mountain spotted fever groups of disease, the literature contains 
several references to the use of the ehorio-allantoie membrane of the 
developing chick embryo as a culture medium. Zia. (1934) reported 
the cultivation of European and Mexican typhus rickettsias through 
3 generations and came to the conclusion that there was very little 
hope of applying the method to mass production for vaccine purposes. 
Da Gunha (1934) cultivated the Sao Paulo typhus rickettsia, demon¬ 
strated the presence of organisms in membranes of the second 
generation, and showed their infectivity for guinea-pigs. Bengtson 
and Dyer (1935) cultivated the virus of Rocky Mountain spotted 
fever on the chorio-allantois through 20 passages without diminution 
in virulence for either the embryo or guinea-pig and described the 
lesions produced in the membrane and the morphology of the 
rickettsias. On the other hand, Pijper and Crocker (1938), failed to 
obtain any multiplication of tick-bite fever rickettsias on egg mem¬ 
branes. They point out that no serial transfers from egg to egg 
were made, and it will be seen below that this omission was probably 
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the cause of their failure. The technique of Barykine, Kompanesy, 
Botcharowa and Baver (1938) who recommend injecting 1 infective 
material into the yolk sac of 3 to 4 day old embryos, has not been 
investigated up to the present time. In the present report details 
are given of the cultivation of 4 strains of rickettsias. 

Technique .—The technique of inoculating the eggs was that 
described for similar studies on the propagation of the neurotropic 
virus of horsesickness (Alexander 1938). The inoculum used for 
seeding was a saline emulsion of scrapings from the tunica vaginalis 
of guinea-pigs sacrificed at a stage slightly before the height of the 
scrotal reaction. In some oases this reaction was marked, in other 
cases barely detectable, and on two occasions the inoculum was pre¬ 
pared at a time when a reaction, had it occurred, could reasonably 
have been anticipated; yet in every instance a successful series of 
cultures was initiated without undue difficulty. The eggs containing 
8 to 10 day old embryos were incubated at approximately 33° C. 
(91*4° F.) for from 4 to 0 days. A lower temperature could not be 
used because, particularly in the summer months, the 'laboratory 
temperature rises to 33° C. or higher. An incubation temperature 
lower than that usually employed for bacteriological purposes was 
used because of the experience of other workers on cultivation by in 
vitro methods and also because it was early apparent that better 
results were obtained. The low temperature may account for some 
mortality of the embryos but the procedure was entirely practical. 
Material for transfers was prepared by emulsifying pieces of mem¬ 
brane about ]*o cm. square selected from two eggs from the site of 
inoculation. The pieces of membrane were minced finely with 
scissors, then ground up with the roughened end of a glass rod with¬ 
out the addition of sand and before adding 25 c.c. of sterile saline. 
The emulsion was not clarified by centrifugation because the particles 
of membrane quickly disperse either to the surface of the fluid or the 
bottom of the tube so that it was possible to remove turbid fluid 
free from any conspicuous particulate matter from the middle por¬ 
tion. The sterility of each inoculum was tested by seeding 0*5 c.c. 
on to ordinary agar and incubating for 2 days at 37° C. Tests for 
rickettsial infeetivity were carried out by inoculating guinea-pigs 
intraperitoneally. Usually G eggs were seeded with each inoculum 
(dose 0-2 c.c.) at every transfer and it was found essential to run a 
series in duplicate to minimize the risk of total loss from bacterial 
contamination. It is necessary to emphasize that it is far easier to 
carry on a series of cultures where the embryo itself is used as a 
source of virus. A slight bacterial contamination in the majority of 
cases appears to remain localized on the membrane, absorption of 
the virus is not interfered with and a sterile embryo emulsion is 
the outcome; on the other hand, it is apparent that the bacteria con¬ 
tained in a contaminated seeding fluid find the membrane a suitable 
medium (for propagation) and in this work many cultures had to be 
abandoned. 

The technique of preparation of impression smears of the mem¬ 
branes was that described by Bengtson and Dyer (1935). A portion 
of the membrane at the site of the inoculation was excised, placed 
ectodermal side down on a clean glass slide, and covered with a 
strip of blotting paper over which was placed another slide. The 
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two slides were clamped together by means of a stout binder clip 
and gently flamed. The blotting paper was then removed leaving 
an impression of ectodermal cells behind and a second glass slide was 
placed in apposition to the remnant of membrane adhering to the 
blotting paper. In this way it was possible to make 3 preparations 
from each membrane. 

The Lesion on the Membrane .—Since the gross macroscopical 
lesion appeared to be identical in the case of all the strains of 
rickettsias cultivated, a single description will suffice. It was not 
possible to follow the development of the lesion in any particular 
egg as the window method of seeding was not used but during the 
course of the work eggs were opened at different stages so that an 
accurate conception of the typical picture has been obtained. 

In the early stage of infection (2nd day) the membranes lose 
their smooth, glistening, and transparent appearance and show the 
presence of a variable number of opaque areas, pin-point in size. 
It was found that the number of opaque spots was quite inconstant 
in different eggs seeded at the same time with the same emulsion and 
opened simultaneously, although it is admitted that had considerably 
greater care been taken to prepare a uniformly disperse inoculum, 
this discrepancy might not have occurred. However, the impression 
has been gained that in spite of refinement of technique, it would 
be exceedingly difficult to obtain uniform and constant multiplica¬ 
tion of rickettsias in different eggs, and consequently the number of 
lesions per membrane would be variable. Later (3rd and 4th day), 
the opaque spots have increased in size but there appears to be little 
uniformity, minute pin points and areas of opacity being evident 
at one and the same time. Still later (the 4th and f)th day) the 
opacity has become confluent so that after removing the egg shell 
and shell membrane it is not possible to see the structure below. At 
this stage the membrane is thick (fully 2 mm.), moist and oedema- 
tous and when removed may have the appearance of a piece of 
gieyish-white opaque jelly. In about 10 per cent, of cases it was 
noticed that a white amorphous powdery material accumulated on 
the ectodermal surface; its nature or significance is not known but 
il. bore no connection with bacterial contamination and was not 
correlated with abundance of demonstrable rickettsias. After the 
death of the embryo the membrane takes on a dry, greyish, crinkled 
appearance. 

Infection with the rickettsias studied destroys the embryo. In 
the case of the rat typhus strain approximately 40 per cent, of the 
embryos were dead on the 6th day after seeding, the majority were 
dead on the 7th day and it was rare for any to survive 8 days. It 
may be argued that at least the late deaths was the result of incuba¬ 
tion at an unfavourably low* temperature. Control eggs, however, 
seeded with either saline or non-infective emulsion frequently sur¬ 
vived for longer than 8 days, although in some experiments there was 
a mortality of 30 per cent, on the 8th day. Further, in the case of 
the “ Hare ”, “ Robertson ” and fidvre bovtonneuse strains, embryos 
commenced to die on the 4th day and it was rare for any to survive 
6 days. Therefore it is apparent that in the case of these strains at 
least, the organisms and not the unfavourable hatching conditions 
were the cause of death. 
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It is necessary to mention that when initiating a series of egg 
cultures the results obtained with the first few generations are some¬ 
what disappointing. In the majority of cases the control guinea- 
pigs inoculated with membrane emulsions comprising the first, 
second, or even the third generation either failed to react and later 
were found to be susceptible or showed an indefinite thermal or 
scrotal reaction and later were found to be immune or susceptible. 
Although the early generations might be non-infective for guinea- 
pigs and rickettsias not demonstrable in the impression preparations, 
later generations of the same series might be virulent and yield 
smears showing many organisms. Therefore it was always necessary 
to continue subinoculations for at least 3 generations before deciding 
if the attempted cultivation had been successful or not. After a 
strain had been “ adapted ” to eggs it was simple to alternate from 
guinea-pig to egg, the first generation on membranes always proving 
fully infective. 

Morphology and Characteristics of the Rickettsias. 

Strain “ Hare —Typical rickettsias were found in all genera¬ 
tions from the 4th onwaids, though the number of rickettsias in 
preparations from different eggs varied within very wide limits. 
Moreover, in many smears organisms were localized in definite small 
areas as if they had been present in isolated nodules. 

Morphologically there was no difference between the organisms 
seen in membrane smears and those found, in tunica smears from 
guinea-pigs except that the greater number present emphasized the 
extreme pleomorphisin. No difficulty was ever experienced in iden¬ 
tifying the bacillary forms but care has to be exercised in differen¬ 
tiating coccal, diplococeal, and cocco-bucillary forms from the 
granules of the immature polymorphonuclear cells which appear to 
aggregate at the site of multiplication. However, the rickettsias 
stain a delicate bluish purple and invariably are surrounded by a 
more or less distinct halo while cell granules stain reddish in colour 
and have a metallic lustre. In spite of these criteria many granules 
were seen about which there exists a definite doubt; the large 
organisms referred to by llengtson and Dyer (1935) were encountered 
but no decided opinion as to their identity or significance can he 
expressed at present. 

In some preparations rickettsias were exceedingly numerous 
(many hundreds per field) but this was the exception. Typically they 
were not particularly frequent and a good preparation was considered 
one that contained 5 or (i infected cells per field over a number of 
separate areas each limited to about 20 fields in extent. In at least 
20 per cent, of preparations it was not possible to demonstrate 
rickettsias at all, yet an emulsion would prove highly infective for 
guinea-pigs. The reason for the variation in the number of organisms 
in smears from different membranes is not known; it is unlikely to 
be associated with the somewhat mule method of preparing the 
impression. 

The majority of rickettsias are intracellular or are seen in the 
vicinity of a ruptured cell; on the other hand, in a good preparation, 
large numbers may be found scattered amongst intact cells. In the 
cytoplasm of infected cells they were rather more numerous than in 
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guinea-pig preparations (up to 100 per cell) but they were always 
scattered in a disorderly manner and there was no tendency for them 
to be aggregated into clumps (plate 1, figs. 1 and 1A). However the 
important feature is that intranuclear forms were common (plate I, 
fig, 2A), although the intracytoplasmic forms were by far the more 
frequent. The number of rickettsias within the nucleus varied from 
a single individual to a crowded mass which distended and distorted 
the nucleus. Morphologically they did not differ from the extra- 
nuclear forms though it will be appreciated that recognition of the 
smaller forms was exceedingly difficult. Unless the staining is good 
and carried out at a pH not more acid than 7 4, identification within 
the nucleus is difficult and great care must be taken with the exami¬ 
nation. Later the use of Pinkerton’s stain greatly facilitated deter¬ 
mination of the intranuclear habitat. When the number of intra¬ 
nuclear parasites is limited, a well-defined halo is frequently evident 
thus giving the appearance of a small bacillus lying in an unstained 
hole in the nuclear chromatin; small numbers may lie in apposition 
to one another in a manner suggesting division by binary fission; 
when large numbers are crowded together the halo is obscured and 
the general picture is that of bluish-purple rods lying between or 
embedded in the reddish chromatin. The only tendency to the 
formation of groups or clusters of rickettsias has been in the case of 
the intranuclear forms; these infected cells may be picked out under 
low magnification owing to the decided bluish colour of the nucleus. 
This intranuclear localization was a striking feature. 

Three attempts have been made to determine the effect of long 
continued passage upon the virus but unfortunately the procedure 
has been abandoned on each occasion owing to bacterial contamina¬ 
tion, once at the 9th, once at the 11th, and once at the 16th sub¬ 
culture. All generations from the 5th to the Ifith.were fully virulent 
for guinea-pigs and rickettsias were demonstrable in the impression 
smears. It is worthy of note that on many occasions an emulsion of 
contaminated membranes has produced the normal febrile and scrotal 
reaction on intraperitoneal injection into guinea-pigs, and that 
smears showed rickettsias intermingled with the easily recognizable 
cocci or bacilli. All attempts to separate rickettsias from contami¬ 
nants by dilution methods either in the guinea-pig or on eggs have 
proved unsuccessful. 

The reaction produced by membrane virus in guinea-pigs 
differed from that produced by infective guinea-pig brain in the 
course of routine passage only by the significantly shorter incubation 
period and the more constant incidence of a well marked scrotal 
reaction (practically 100 per cent, in sexually mature guinea-pigs). 
This is almost certainly due to the large number of infecting doses 
contained in the membrane emulsions; in serial dilution experiments 
to determine the infective titre, the guinea-pigs which received the 
higher dilutions reacted in a manner identical with that of the 
guinea-pig passage animals. On several occasions it was found that 
injection of a dilution representing 1 in 12,000 of the original 
membrane was infective. It should be mentioned that guinea-pigs 
which receive higher dilutions may show no clinical reaction vet on 
immunity test may or may not be found to be immune (subclinical 
or inapparent infection). 
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The effect of passage on eggs appeared to result in an increase 
of virulence for the embryo. In the early generations subculture 
could be delayed until the Oth day after seeding; later it became 
necessary to subculture on the 5th day and the reason why at least 
one of the late generation cultures was lost was that all embryos 
were found dead on the morning of the 5th day though they had 
appeared normally active on candling the previous afternoon. 

Portions of membrane some distance from the site of inocula¬ 
tion, i.e., membrane not included in the artificial air sac, were found 
to be infective though the reaction produced indicated that a large 
quantity of virus was not present. Similarly an emulsion of an 
embryo produced a mild reaction without scrotal involvement in 2 
guinea-pigs which were found to be immune 4 weeks later. 

Strain “ Robertson ”.—The behaviour of this strain on eggs was 
practically identical with strain 4 ‘ Hare ”. Morphologically the 2 
rickettsias in impression smears are indistinguishable and some beau¬ 
tiful preparations demonstrating the intra-nudear forms ware 
obtained. 

It has been shown in a no! her publication (Part 111, this journal) 
that this strain of rickettsia is maintained iu guinea-pigs with some 
difficulty, that the reactions produced by infective brain material 
are sometimes indefinite with a low r percentage involvement of the 
scrotum and lestes, and that inapparent . infections are frequent. 
On the other hand egg-membrane virus proved highly virulenl for 
guinea-pigs, produced a well-marked febrile reaction with a short 
incubation period (3 days) and a high percentage of scrotal lesions 
(about 70 per cent, in mature guinea-pigs). A noteworthy feature 
was the rapidity with which the scrotal lesion developed. Slight red¬ 
ness, swelling and oedema only might be noticed in the morning and 
yet by midday or the early afternoon the reaction would be pro¬ 
nounced. If anything strain “ Robertson " proved more virulent 
for the embryos than strain “ Hare ” so that sub-culture on the 4th 
day was necessary on many occasions. 

Strain “ Appleton ”.—This strain had been abandoned before 
the egg-membrane culture technique had been perfected. 

Strain “ Fierro boutonneuse ”.—The behaviour of this strain 
was identical in all respects to strain “ Robertson 

Strain Rat Typhus .—The murine strain of rickettsia was found 
to multiply prolifically on the ehorio-allantoic membrane. The 
initiation of cultures appeared to be somewhat more difficult than in 
the case of other strains. On two occasions testicular washings which 
were shown to be highly infective for guinea-pigs failed to establish 
infection on eggs. Further, in successful series before rickettsias 
could be demonstrated and before control guinea-pigs showad well- 
defined reactions it was necessary to carry out at least three egg-to- 
egg transfers. 

The morphology of the rickettsias did not differ from that seen 
in preparations from guinea-pig tests, but again the rather more 
numerous organisms emphasized the extreme pleomorphism. Coccal 
and diplo-cocca! forms, some so small as to be just within the range of 
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visibility, were common but the bacillary forms were also numerous. 
A consideration of the photo-micrographs indicates the intracyto- 

J dasmic habitat but, what is more important, shows very clearly the 
ormation of masses of innumerable intracellular organisms in 
marked contrast to the irregular scattering of the other strains. 
Further it is of the utmost importance to emphasize that in spite of 
a very careful search through hundreds of preparations intranuclear 
forms were never observed. Individual organisms were seen lying 
on top of a nucleus but in every case it was abundantly clear that 
the rickettsias had been superimposed mechanically. 

Four attempts were made to determine the effect of continued 
serial passage. A series of temperature curves is shown (Chart I) 
which illustrates the tendency to die out on repeated sub-culture. 
These charts indicate the reactions produced in guinea-pigs by a 
strain which, first having been adapted to the ehorio-allantoir mem¬ 
brane, was then passed through one generation in guinea-pigs before 
being transferred back to eggs. A consideration of the charts shows 
that the second generation on membranes produced a severe reaction 
characterised by a short incubation period and a marked scrotal 
reaction. The 9th generation was infective but the incubation period 
was considerably lengthened and the degree of scrotal swelling was 
less. The 11th generation culture produced a slight febrile reaction 
which was delayed, and no scrotal lesion. While generation 13 was 
again infective, generation 16 was avirulent. Generation 18 has not. 
been reproduced in the chart but it was non-infective. On immunity 
test applied 6 weeks after the test injection all guinea-pigs up to 
generation 13 were solidly immune; the guinea-pigs of generation 
16 and 18 were fully susceptible. In addition to the loss of infectivity 
for guinea-pigs, impression smears up to generation 9 consistently 
showed the presence of many rickettsias, though in the latter passages 
there appeared to be a preponderance of minute coccal and cocco- 
bacillary forms. From the 10th sub-culture onwards rickettsias be¬ 
came progressively scarce and could not be found in passages 13 to 
18 when the experiment was abandoned. 

Out of 4 attempts at serial passage one was abandoned at genera¬ 
tion 6 owing to bacterial contamination and, in the other three, 
infection died out after the 13th sub-culture. Sufficient work has 
not been carried out to determine with certainty whether this ten¬ 
dency to die out on serial passage through eggs is a definite charac¬ 
teristic of the murine strain or whether it represents either an 
inexplicable coincidence or some deficiency in technique which has 
not been appreciated. The point is being subjected to further inves¬ 
tigation, but for the purposes of the experimetnal work involved in 
this study it has been found advisable never to continue a series for 
more than 9 generations, and then to continue with tunica washings 
after 1 passage through the guinea-pig. Moreover, for microscopic 
purposes, impression smears were made from cultures not less than 
generation 3 and not more than generation 9. 

In connection with the effect of the rat typhus strain on the 
embryo itself it must be stated that it appeared to be less virulent 
than the other strains. Subcultures are usually carried out on the 
6th day after seeding and survival of the embryos for more than 7 
days was not uncommon. 
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CHART I. 

lemperuture Reactions m Guinea-pigs Produced by Egg-membrane 
Cultures of Rat Typhus. 



+ “ "f-'f'f « Dogm of Scrotal Reaction, 
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Discussion. 

Apart entirely from the demonstration that the chorio-allantoic 
membrane of the chick embryo constitutes a suitable medium for 
the propagation of rickettsias, the results of the experimental work 
detailed above bring out several points of great interest. 

At first it was believed that the large numbers of organisms 
found in smeais of infected membranes, indicated the application 
of the method not only to vaccine production, but aho to the produc¬ 
tion of antigens for such purposes as agglutination, complement- 
fixation, and in vitro neutralization tests. It was early apparent 
however that multiplication was too irregular and too inconstant for 
these purposes. It has been shown that the rickettsias studied fall 
into two main groups: — 

I. A group where the organisms in the guinea-pig are easily 
demonstrated as masses within the cytoplasm of serosa 
cells only. On artificial cultivation this tendency to intra- 
cytoplasmic aggregation persists but an intranuclear 
habitat is not assumed. 

II. A group where the organisms in the guinea-pig are not 
only extremely rare but when found are sparsely distri¬ 
buted throughout the cytoplasm of both serosa cells and 
monocytes without any tendency to aggregation into 
clumps. On adaptation to multiplication on egg mem¬ 
branes these rickettsias, although present in much larger 
numbers, again are dispersed throughout the cellular 
cytoplasm but in addition also have an intranuclear 
habitat. Within the nuclei they may be present in aggre¬ 
gations of uncountable numbers of organisms. This group 
includes all the strains other than rat typhus. 

Minor morphological differences appear to exist between the 
rickettsias of the two groups, e.g. as a rule those of rat typhus appear 
to be rather finer and more delicate in contrast to the rather more 
squat, plumper forms of the other group. These differences in 
morphology, however, cannot be regarded as of equal significance 
to the criteria enumerated above from the point of view of differen¬ 
tiation. 

In conformity with the views of Pinkerton (1936) it would 
appear that some evidence has been brought forward to place the 
above group II [strains “ Hare ”, “ Appleton ”, “ Robertson ” 
( tick-bite fever) and fievre houtonneuse] into his Rocky Mountain 
spotted fever group and group I (rat typhus) into his typhus group, 
It is obvious that even this broad classification could not be attempted 
without due consideration being paid to other essential properties of 
the virus strains so that a full discussion will be delayed until con¬ 
sideration of part III of these studies. 

Summary. 

1. The microscopic appearance of the scrotal exudate in guinea- 
pigs infected with each of five strains of rickettsia is described. 

2. The technique of cultivation on the ehorio-allantoic membrane 
of the chick embryo is described, 
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PLATE 1. 

A T I 'I ,h(, . lo »y °. f the rickeWaias as they appear in the scrotal 
exudate ot the guinea-pig and on the chorio-allantois in described 
and compared. 




1. Fig. 2. 

Fig. 1.—Strain “ Hare ” guinea-pig tunica preparation. 

Fig. 2.—Strain “Hare”. Chorio-alluntoic membrane preparation. 



Fig. 1a. 


(Camera lucida drawings of above. 
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Fig. 2a. 
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PLATE II. 




Fig. 3. Kifr. 4 . 

Fig. 3—Rat Typhus. Guinea-pig tunica. Small number of intracytoplasmic organisms showing 

tendency to clumping. 

Fig. 4.—Rat Typhus. Guinea-pig tunica. Intracytoplasmic mass of riekettsias. 



Fig. 6. 

Fig. fi-Rat Typhus. Membrane culture showing mass of intracytoplasmic riekettsias. 

Fig. 6.—Rat Typhus. Membrane culture showing mass of ooccal and cocco- 
bacillary forms Cell ruptured. 
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PLATE II ( continued ). 




Fig. 8.—Camera lucida drawing of portion of Fig. 0. 
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III.—The Disease in the Experimental Animal. 
Cross-Immunity Tests. 
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In this section, we shall deal with the effect of the various typhus 
strains on the guinea-pig, rabbit, rat, mouse, dog, sheep, and ox, 
and with cross-immunity tests carried out in the guinea-pig and in 
the sheep. 

Rat Typhus. 

In fhe Gitinea-pitj . 

No difficulty has been experienced in maintaining this rat 
typhus strain in guinea-pigs by brain to peritoneum passage eveiv 
ftth or 10th day. 

The type of reaction produced in the guinea-pig did not differ 
from that described by most workers in the typhus field. The first 
rise in temperature took place usually on the third, fourth or fifth 
day after infection and, generally, the disease (as manifested by 
the temperature reaction) was of a more protracted nature than that 
caused by “ Robertson ”, “ Hare " or fievre houtmmeuse. In 
common with our experience with the other four virus strains 
employed, a “ saddle-back ” type of curve was common; the 
initial rise was maintained for one or two days and was followed by 
a lower temperature during the next day or two and then by a 
secondary rise which returned to normal by lysis. Chart 1 shows 
a composite temperature curve of eight infected guinea-pigs, a 
typical curve of one animal and the reaction produced by an egg- 
membrane culture. The composite chart, although reproducing the 
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general trend of the reaction, is not typical; each animal does not 
react to the same degree at the same time, so that a flattening of 
the curve is produced. This point must be kept in mind when 
composite charts are read. No deaths directly attributable to rat 
typhus occurred amonjj the hundreds of guinea-pigs that received 
the virus (brain, tunica or egg-membrane) and, except for the 
temperature and scrotal reactions, the animals looked healthy. 


The Scrotal Lesion . 

In sexually mature, male guinea-pigs, i.e. in those with 

descended, palpable testes, a tumefaction of the scrotum was an 
almost constant phenomenon. Of 89 males, 84 (94*4 per cent.) 
showed this reaction and if adults only had been inoculated, this 
percentage would have been almost one hundred. After 50 sub¬ 
inoculations (brain to peritoneum) this reaction occurred as regularly 
and as strongly as in the first passage earried out by us., The day 
of the appearance of the swelling in 38 guinea-pigs was as follows:-- 

Day on which swelling 

was first noticed 4 5 0 7 8 9 10 

Number of guinea-pigs 

involved 5 J5 7 4 5 1 1 

The majority of the reactions were definite by the fifth day after 

infection; those appearing lor the first time on or after the seventh 
day were atypical and were associated with a lengthened (temperature) 
incubation period. The rapidity with which a scrotum could swell 
was remarkable; often only a few hours elapsed between a doubtful 
and a “ + + + ’’ reaction. The maximum enlargement, once reached, 
was maintained for from two to four days; thereafter reduction 
occurred, the return to apparent normality occupying from three 
to seven days. 

In character, the scrotal reaction in rat-typhus-infected guinea- 
pigs differed somewhat from that produced by the other strains. 
At the height of the reaction, the scrotum was tense, hard, and firm 
and lacked that fluctuating, oedematous feeling of the swelling 
produced by “ Hare M or “ Robertson As a rule, it was not 
possible to force the testicles into the abdominal cavity and, even 
at post-mortem examination, it was frequently impossible to draw 
them out of the scrotum. Actually, on many occasions, it was 
necessary to dissect them out in order to make scrapings from the 
tunica. The testicles themselves showed distension and ramiform 
injection of the blood vessels, peteehiae, even eeeliymoses up to 3 
mm. in diameter, and, not uncommonly, small haemorrhages in 
the polar fat. An exudate, which was fairly copious and fluid in 
the early stages of the reaction, later thickened to form fibrinous 
sheets that covered nearly the whole testicle. These sheets, greyish- 
white in colour, could be scraped off and floated intact in saline. 
The final outcome was usually restitutio-ad-integrum but, on several 
occasions, some thickening of the scrotum persisted that left the 
testicle hard and attached to the sac. 
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Post-mortem . examination .—Apart from the scrotal lesion, the 
only other constant iuacroscopical change was a swelling of the 
spleen, often to two or three times its normal size. Not infrequently, 
a tenacious greyish-white deposit or even a pseudo-membrane covered 
the surface of the spleen and liver. 


In the White Rat. 

No difficulty was experienced in maintaining this strain in the 
rat; 50 animals vrere used, 12 subinoculations were made and the 
experiment was terminated at this point. The brain of a reacting 
guinea-pig was the first inoculum and thereafter the brain of a rat, 
taken on the 8th to the 10th day after infection. At each passage, 
a portion of the rat brain was also inoculated into two indicating 
guinea-pigs. Unless a definite, easily recognizable reaction was 
noted, the guinea-pigs were retained for one month to undergo an 
immunity test. 

Most rats showed a definite thermal rise that began on the 4th 
or 5th day (102° F. to 108° F.) and that was maintained for from 
two to tour days, but at no time was a scrotal swelling observed. 
Chart 2 is a composite temperature curve of 10 infected rats. 


Chart 2. 

Rat typhus in rats. Composite chart of 10 rats. 
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Apart from the temperature reaction, many rats were visibly 
affected by the virus; some were poor, thin or even emaciated, and 
8 died. This debilitating effect was most marked in those animals 
which received benzol and olive oil subcutaneously in addition to the 
virus inoculation (see Zinsser and Castaneda, 1930). In all rats, the 
chief post-mortem lesion was an enlargement of the spleen which was 
sometimes three to five times the size of that of the normal animal. 
In smears taken from the surface of such an enlarged spleen, 
rickettsias were plentiful and in one preparation there were dozens 
of infected cells per microscopic field. 


In the Mouse. 

The disease was passed (brain to peritoneum at 8 to 9 day inter¬ 
vals) through 3 lots of mice only, the 4th and subsequent passages 
being negative. The mice showed no symptoms or macroscopic post¬ 
mortem lesions and, as (he temperature of normal mice can rise or 
fall several degrees in a few hours, infection could be judged only 
by the use of indicating guinea-pigs. 


In the Dog. 

Durand (1933) showed that murine typhus caused an inapparent 
disease in dogs, that the virus, in some instances, could be recovered 
in guinea-pigs from the blood, brain or spleen, and that the Weil- 
Felix reaction became positive (chiefly 0X19). However, the disease 
could not be passaged from dog to dog. Combiesco and Angelesco 
(1933) also set up a “ maludie inapparente ” and 14 days later 
recovered the virus from the brain. However, to our knowledge, no 
indication has been given that the dog plays a role in the spread 
of typhus. Our results confirm this; in fact, we could do no more 
than demonstrate a survival and translocation of the virus. 

Eight young dogs, obtained from a pound, were used. Dog 1 
(1972) inoculated intraperitoneally with the brain of an infected 
guinea-pig, did not react. Guinea-pigs which received an intraperi- 
toneal injection of the blood (3 c.e. to 4 c.c.) of this dog on the 4tli, 
7th, and 15th day after the attempted infection did not react and, 
tested later, were not immune. 

Dog 2 (2089) was infected in the same way as dog 1, and, 9 
days later, its brain w r as removed and a portion injected, intraperi- 
to neatly, into dog 3 (2093) and into guinea-pigs. None reacted. 
After 8 days, the brain of dog 3 was injected into dog 4 (2097) and 
into guinea-pigs without a reaction being produced. Finally no 
reaction occurred when the brain of dog 4 was inoculated into 
guinea-pigs. 

In the 3rd experiment, 4 dogs (1967, 1969, 1970 and 2030) were 
infected with guinea-pig brain by the intraperitoneal route. No 
apparent reaction occurred. Table 1 summarizes the results of 
injecting the blood and the brain of these dogs into guinea-pigs. 
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Table 1. 


TUe Injectivity for Guinea-pigs of the Blood and Brain of Rat- 
typhus-infected Dogs . 


Inoculum. 

Days after 
Infection. 

From Dogs. 

Result in 
Guinea-pigs. 



r 

4th 

5, 6. 7, 8 

Positive. 




6th 

5, 6, 7, 8 

Negative. 

Blood: 3-4 c.o. i.p. 



10th 

5, 6, 8 

Negative. 




14th 

5, 6, 8 

Negative. 




19th 

5, 6 

Negative. 




7th 

7 

Positive. 

Brain: i.p. 



14th 

8 

Negative. 



l»th 

6 

Negative. 


The foregoing results show that the dog was not easily infected 
with typhus and that the disease could be carried on in it. Virus 
was demonstrable in the blood on the 4th but not on the 6th day 
after infection and in the brain on the 7th but not on the 14th day. 


In the Sheep. 

About half of the sheep used reacted with an elevation of 
temperature (see Chart 3) when infective guinea-pig brain was 
injected intravenously, and the disease could be carried on in sheep 
for one passage only, when blood, taken at the height of the thermal 
reaction, was the inoculum. The reaction of the recipient sheep was 
much milder than that of the donor. No symptom, other than the 
temperature, was noticed and in no instance did death occur. 
Attempts to infect guinea-pigs with the blood or brain of sheep taken 
at the height of the thermal reaction were unsuccessful. 

In the Rabbit . 

The effect of the rat typhus and the other virus strains on this 
animal will be discussed under u The Weil-Felix reaction 


“ Hare.” 

In the Guinea-pig, 

Once established, no difficulty was experienced in maintaining 
the ” Hare ” strain in guinea-pigs (71 brain to peritoneum passages 
in 20 months at 8 to 10 day intervals). A composite temperature 
curve and a typical thermal reaction are reproduced in Chart 4. 
Usually the first rise was noted between the 4th and 6th days after 
inoculation, was maintained for from 4 to 7 days and slowly, with 
small fluctuations, returned to normal. It was unusual for a 
temperature of 106° F. to be recorded for more than 24 hours; 
generally the fluctuations were between 104° F. and 105° F. No 
symptoms, other than the elevated temperature and a scrotal swelling 
were observed. 
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Chart 3. 

Rat typhus in sheep. 



The scrotal lesion .—In the early passages, a scrotal swelling 
occurred very commonly in guinea-pigs; of 244 males, 211 (86-5 
per cent.) showed this lesion and probably the percentage would 
have been higher if fully mature animals only had been used. In 
more recent passages, this reaction has been seen in only about 30 
per cent, of cases, although the temperature curve has not varied 
in the slightest degree. The day of the appearance of the swelling 
in 34 guinea-pigs was as follows: — 

Day on which swelling 

was first noted 4 5 G 7 10 

Number of guiuea-pigs 

involved 12 7 9 5 1 (late reactor). 

The enlarged scrotum felt soft and oedematous, and was 
not hard and firm as in rat-typhus-infected animals. Usually the 
testicle could be forced into the abdominal cavity and no thickening 
or hardness remained after the swelling had subsided. At post¬ 
mortem examination, in the early stage of the disease, the testes 
w r ere hyperaemic and surrounded by a small quantity of greyish 
translucent exudate. Later, this hypermaemia became more marked, 
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but distinct haemorrhages in the testicle or polar fat were very 
rare. The exudate increased in amount, became viscid in consistency 
and whitish in colour and although flakes about 1 mm. in diameter 
could be scraped from the testicle, fibrinous sheetB were not formed. 

Post-mortem examination .—The remarks made under “ rat 
typhus ” apply to “ Hare ” with the reservation that the spleen 
was not usually so greatly enlarged (and occasionally w r as not 
apparently enlarged at all) and that a deposit on the spleen and 
liver was uncommon. 

Chart 4. 

“ Hare ” in guinea pigs. Composite chart of 8 guinea pigs (top). Chart of 
one animal (bottom). 
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In the White Hat . 

Two attempts were made to adapt the “ Hare virus to ruts, 
one involving 7 and the other 5 passages. As with the rat typhus 
rat passages, indicating guinea-pigs were inoculated at each" sub¬ 
inoculation. Neither the rats nor the guinea-pigs reacted; the latter 
were later shown to be susceptible to a test inoculation of virulent 
brain. 


In the Mouse. 

No success attended two attempts to infect this animal. The 
brains of the mice of even the first generation (removed 9 days after 
the intraperitonea 1 inoculation of virulent guinea-pig brain) failed 
to cause a reaction in indicating guinea-pigs. Subsequent passages 
were also negative. 

In the Dog. 

One experiment only was carried out in this animal and.although 
infection was not produced, we do not feel that the result is of great 
value. The pups, reared in tick-free surroundings, received infective 
guinea-pig brain i ntraperi ton call y and showed no thermal or other 
reaction. Their pooled blood, taken at different times between the 
2nd and 14th day after the injection did not infect guinea-pigs and 
these animals were not immune at a subsequent immunity test. 
However, a considerable number of the guinea-pigs died within one 
to four days after the blood injection and most of the remainder 
had severe temperature reactions beginning within 24 hours of the 
test. It has been our experience that a guinea-pig which has a non¬ 
specific temperature rise of this type does not develop typhus and, 
when tested later, is not immune. The lack of dogs, reared in 
tick-free surroundings, (and in work of this kind, it is essential to be 
certain of this point) has prevented our repeating the experiment. 

In the Sheep. 

What has been said about rat typhus in sheep applies also to 
“ Hare 


In the (hr. 

A bovine that received the tunica scrapings of a “ Hare M 
infected guinea-pig intravenously did not react. 

In the Itahbit. 


See “ Hat typhus 


%4 Appleton ”. 

In the Guinea-pig. 

From the start difficulty was encountered in carrying this strain 
in guinea-pigs. A sustained rise in temperature (104° F. and above) 
occurred in about 30 per cent, of animals and a scrotal swelling 
was infrequent (about 10 per cent.). In an attempt to “ acclimatize ” 
the virus to guinea-pigs, we fed them on a vitamin-deficient diet 
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(autoclaved oats). This procedure proved to be disadvantageous 
because not only was the reaction no better but the guinea-pigs became 
thin and some died. 


The Scrotal Lesion . 

Although a scrotal swelling was uncommon, it occurred more 
frequently in the guinea-pigs of the earlier than of the later passages. 
The day of its appearance in 29 males was as follows: — 

Day on which swelling 

was first noticed 2 3 4 5 6 7 8 9 

Number of guinea-pigs 

involved 1 6 8 1 7 4 1 1 

In character, the scrotal swelling produced by the Appleton 
strain was similar to that caused by “ Hare *\ 

The post-mortem lesions were the same as those noted under 
“ Hare ”. 

At the time when we discontinued the passage of this strain 
(65th guinea-pig passage) we had no experience in the use of the 
chick chorio-allantoic-membrane-method of cultivating typhus 
rickettsias. The use of this technique with a tick-bite fever 
(“ Robertson ”) and a fi&vre boutonneuse strain indicates that an 
egg-membrane culture of “ Appleton ” rickettsias would probably 
have produced satisfactory reactions in guinea-pigs. 

In the White Rat . 

This strain was passed through eleven generations of rats (29 
in all), at which stage the experiment was terminated. A period of 
8 to 9 days was allowed to elapse between each passage. A rise in 
temperature to 102° F. or 102*5° F. (from normal of 99° F. to 100° 
F.) occurred on about the 3rd or the 4th day, was maintained for 
from 1£ to 3 days and thereafter fell fairly rapidly to normal. 
Indicating guinea-pigs inoculated with rat brain at each passage also 
reacted and were immune at a subsequent immunity test. Rats 
living on a deficient diet (autoclaved oats) and/or into which benzol 
and olive oil were injected subcutaneously, had no better reactions 
than those receiving a normal diet. The only apparent post-mortem 
lesion was an enlargement of the spleen. In Chart 5, a composite 
curve of the temperatures of 14 rats is given. 

In the Dog . 

One dog (1935) inoculated intraperitoneally and another (1936) 
inoculated intravenously with the brain mush of two infected 
guinea-pigs showed no thermal or other reaction. As the dogs 
originated from a pound, we have no knowledge of their history; 
they may have been immune and, as no subinoculations were made 
from them into guinea-pigs, we do not know if they underwent an 
inapparent infection. However, it shauld be borne in mind that this 
1 strain originated from a dog, which was suffering, at least, from an 
inapparent infection. 

In the Sheep . 

See “ Hare ” 
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Chart 5. 

“ Appleton ” in rats. Composite chart of 4 rats. 



“ Robertson. ” 

In the Guinea-pig. 

This, the only tick-bite fever strain of human origin with which 
we worked produced reactions (thermal and scrotal) only slightly 
better than those of “ Appleton '* when brain to peritoneum (8 to 
10 day intervals) was the method of passage. As a routine measure 
we used three guinea-pigs per passage and as a rule one of these 
reacted fairly well, one poorly and one very slightly or not at all. 
The brain of such an apparently non-reacting animal taken on the 
9th day after infection proved, on inoculation, to be just as virulent 
as that of a guinea-pig which had a good reaction. In general, the 
first thermal rise was late, very often not before the 0th or 7th day 
after infection. A temperature much exceeding 105° F. was seldom 
maintained for more than a day or two and generally the febrile 
period lasted for not more than 2 to 5 days and usually 3 to 4 days. 
Even in sexually mature male guinea-pigs, a scrotal swelling was 
uncommon, and occurred in not more than 10 per cent, of the 
animals. How r ever, in spite of the poor reactions we succeeded in 
maintaining this tick-bite fever strain in guinea-pigs for more than 
a year (46 brain to peritoneum passages). 

With the use of egg-membrane cultures we obtained much more 
definite reactions, both thermal and scrotal. In Chart 6 we reproduce 
a good temperature reaction produced by this means and include 
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a curve caused by the inoculation of brain. This chart, typical of 
many, shows that the infected egg-membrane caused an early 
temperature rise and an earlier-appearing scrotal lesion due, most 
probably, to the large number of rickettsias inoculated. This 
reaction was got in about 70 per cent, of sexually mature animals 
and followed much the same course as that of “ Hare perhaps 

the only difference was that the scrotum seldom attained the same 
large dimensions. The lesions at post-mortem examination were the 
same as those given for “ Haro ”. 

In the White Rat . 

The first rats were infected with egg-membrane culture and 
thereafter 10 successful subinoculations (at 8 to 10 day intervale) 
were made by brain to peritoneum passage. The reactions were 
almost superimposable on those obtained with the “ Appleton ” 
strain. 


In the Rabbit.—See “ Rat Typhus ”, 


Fievre Boutonneuse. 

In tine (iuinea-pi(j. 

We soon realised that it would be difficult to maintain this 
strain in guinea-pigs by brain to peritoneum passage. Kveu after 
10 sub-inoculations (at 8 to 10 day intervals), there was no indication 
that the virus was adapting itself; reactions of the “ Appleton 
type were the rule. When a rise in temperature did occur, it was 
late in appearance (7th to 9th day), seldom rose much above 104-5° 
F. and was not maintained for more than 2 or 3 days. Of 31 
inoculated unimals, 15 had a thermal rise high enough to be 
considered significant and only one developed a scrotal swelling 
(small, appearing on the 7th day). Because we had two main objects 
in view—the study of the causative rickettsias and cross-immunity 
work—we decided to abandon brain to peritoneum passage and to 
resort to egg-membrane culture which had given such good results 
with another “ weak ” virus, that of “ Robertson 

With egg-membrane cultures, no difficulty was experienced in 
producing good thermal and scrotal lesions. In Chart 7 two typical 
reactions are given. It will be noticed that the temperature rise 
occurred early and although it was not maintained for long, it was 
definite. The scrotal swelling, which occurred in about 60 per cent, 
of the male animals, usually appeared early and could not lie 
distinguished from that of “ Hare The post-mortem picture was 
similar to that recorded for “ Hare ”, 


Summary of Reactions in Animals. 

The results just presented show' that rat typhus could be main¬ 
tained, without anv difficulty, in the guinea-pig and rat, and that in 
the former animal it nearly always caused a scrotal swelling. It 
could be passaged three times only in the mouse and not at all in 
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the dog. The sheep proved susceptible when inoculum was virulent 
guinea-pig brain, but the virus could not be passed serially through 
this animal. The single ox used proved to be insusceptible. 

“Hare”, alone of the other four viruses, was easily passaged 
jn guinea-pigs; it caused readable temperature reactions and a scrotal 
swelling in a large percentage of cases. It did not infect the rat 
and the reactions in sheep were the same as those produced by rat 
typhus. 
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“ Appleton ” and 14 Robertson ” and fievre houtonneuse 
occasioned great difficulty when attempts were made to maintain 
them in guinea-pigs by the brain to peritoneum method of passage. 
However, when infected egg-membrane (in the case of 44 Robertson ” 
and fidvre houtonneuse) was the inoculum, good temperature and 
scrotal reactions were obtained. Both k< Appleton 99 and “ Robert¬ 
son ”, although, as will be shown later, belonging to the same group 
as 44 Hare ”, were able to infect the rat. 

The Weil-Fklix Reaction. 

In the Rabbit . 

Rabbits were inoculated intraperitoneally with virulent guinea- 
pig brain (rat typhus and 44 Hare ”) or with egg-membrane culture 
( 44 Robertson ”) in an attempt to produce agglutinins to a proteus X 
strain. None reacted as the direct result of the inoculation and the 
serum of none, taken prior to the infection, agglutinated proteus 
0X2, 0X19 or OXK at a dilution of 1:20 or higher. In carrying 
out the tests, living saline suspensions of non-motile 0X2, 0X19 and 
OXK were used. The cultures were grown according to the 
instructions sent out by Dr. Felix and every endeavour was made 
to prevent motile 44 H 99 variants appearing. This was never 
necessary with 0X2, only very occasionally with 0X19 and quite 
frequently with OXK. The tubes were incubated at 37° C. for four 
hours and left overnight at room temperature before being read. 

Table 2 summarises the results of agglutination tests with serum 
taken at different times after infection. 

A Weil-Felix reaction was obtained with the sera of 10 rabbits 
infected with rat typhus; in no instance was proteus 0X2 
agglutinated; 0X19 was agglutinated by all and one case (rabbit 0) 
both 0X19 and OXK were agglutinated. The sera of two of nine 
rabbits, inoculated with 44 Hare ”, became positive; that of rabbit 
14 agglutinated 0X2, did not affect OXK and produced a doubtful 
reaction with 0X19 and that of rabbit 15 agglutinated 0X19 only. 

The serum of one of seven rabbits inoculated with 44 Robertson ” 
caused a doubtful agglutination of 0X19, at a dilution of 1:20; the 
sera of the remaining six animals were negative. 

In the White Rat . 

The sera of 7 rats infected with rat typhus, and taken 8 to 36 
days after the inoculation were tested with the 3 proteus X strains. 
Two were positive, both for 0X19. That of one rat (27 days after 
infection) w'as postive at a dilution of 1:160 and that of the other 
(16 days after infection) at l!40. 

In the Guinea-pig . 

• * a,n # attempt to isolate a specific proteus from guinea-pigs 
infected with rat typhus, “ Hare ” or 44 Appleton ”, we cultured 
the intestinal contents of 26 of them and from 6 obtained a swarming 
proteus, the 0 antigens of which were not serologically related 
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to those of 0X2, 0X19 or OXK. It would appear that a proteus 
infection of the gut of guinea-pigs is not uncommon, because, even 
with the use of ouly a small number of animals, we obtained a 25 
per cent, infection rate. 

Giraud ami Tannenbaum (1937, '** ) state that guinea-pigs do 
not develop agglutinins for proteus X during or after a typhus 
infection because they do not harbour banal proteus in their 
intestines; if this microbe is implanted in their alimentary canal 
by the oral and rectal routes and a typhus infection then set up, the 
Weil-Felix reaction develops. 

To ascertain if proteus X agglutinins would develop if a banal 
proteus was implanted in the gut of guinea-pigs, we repeated 
Giraud and Tannenbaum’s work. A heavy suspension of a swarming 
proteus [(R5H6), isolated from the small intestine of a rat and not 
serologically related to the “ 0 ” antigen of 0X2, 0X19 or OXK)] 
was administered to 0 guinea-pigs (1-0 c.o. fed through stomach 
tube and 1*0 c.c. per rectum) on 30.10.37 and thereafter, for 15 
days, 10 c.c. was added to the food and 1*0 c.c. given per rectum. 
On the lGth day each animal received 10 0 c.c. per os and 1*0 c.c. 
per rectum. Three of these animals and three fresh untreated 
controls were infected, intraperitoneally, with typhus and three 
proteus-infeoted guinea-pigs left uninfected with typhus to see the 
effect of the proteus alone on agglutinin production. A Weil-Felix 
test, using living suspensions of 0X2, OX19, OXK and I15H6, was 
put up with the serum of each animal on the day before the first 
proteus feeding, on the day of the infective inoculation and there¬ 
after weekly for 5 weeks. 

The results did not confirm those of Giraud and Tannenbaum. 
The serum of no animal, taken prior to the infection by proteus 
and/or rat typhus, agglutinated any of the four proteus strains 
used; those which were infected with rat. typhus only remained 
negative throughout the experiment. The sera of the remaining 
6 guinea-pigs (proteus alone and proteus plus typhus) at no time 
agglutinated OX2, OX19 or OXK, but all were positive for K5H0 
(“ H ” agglutination) 17 days after the first proteus feeding and 
remained so for a further 4 to 5 weeks. The highest serum titre 
was 1:320. 

Attempts to Isolate a Proteus from Guinea-pigs, 

The brain, heart-blood, urine, tunica vaginalis, liver, and spleen 
of 238 guinea-pigs, infected with “ Hare ”, “ Appleton ” or rat 
typhus were inoculated into broth and on to nutrient agar and 
observed for 14 days at 37° C. About 10 c.c. of blood was deposited 
in a sterile tube and the serum, after separating, was removed and 
replaced with about 15 c.c. of broth. Small portions of brain, liver, 
tunica, and spleen were placed in broth, and about 1*0 c.c. of urine 
was cultured in the same medium. The agar cultures were made by 
smearing slopes heavily with the blood or urine or the organ mush. 
Any Gram-negative bacilli which grew were isolated in pure culture 
and tested against sera prepared against 0X2, 0X19, OXK and 
against the sera of sheep recovered from “ Hare ”, “ Appleton ” 
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or rat typhus. Eighteen such organisms were isolated—2 from 
the brain and 1 from the urine of “ Hare ” guinea-pigs, 1 from 
the brain, 1 from the urine and 1 from the liver of 44 Appleton " 
guinea-pigs, and G from the brain, 3 from the blood and 1 each 
from the urine, liver, and tunica of rat typhus animals. None were 
agglutinated by any of the sera used. 

These results are in agreement with those of most workers who 
have tried to isolate a specific proteus X from guinea-pigs infected 
with one or other of the typhus strains. 


The Ur ration of Infectivity of the Brain, Blood, and Tvnica 

VAGINALIS OF INFECTED (iCINEA-CIGS. 

Guinea-pigs were infected by the intraperitoneal inoculation of 
virulent brain. At intervals after infection, the infeetivity of the 
pooled eitrated blood (3 c.e. to 4 c.c. intraperitoneally) of 4 to (i 
of them was tested, and the infeetivity of the brain and tunica 
scrapings of one animal was determined. Two guinea-pigs* were 
inoculated intraperitoneally with the brain emulsion (half-a-brain 
per animal) and two with the tunica scraping suspension. If the 
indicating animal did not react typically, it was held for one month 
after the temperature had returned to normal and tested for 
immunity. The results of the experiments are collected in tables 3, 
4 and f>. 

Systematic work lias not been carried out on the infeetivity of 
the tunica or blood of 44 Robertson ” or button fever infected 
guinea-pigs or of the tunica of “ Hare " animals. However, on 
many occasions, we have demonstrated the infeetivity of the tunica 
taken at the height of the scrotal reaction. In addition, the liver 
and spleen of rat-typhus animals have been proved capable of 
transmitting the disease, but, in these experiments, no attempt was 
made to remove the blood from tin* organs. 

The results given in tables ■>, A and 5 may be briefly summarized . 

Rat Typhus: 

Brain . —Virulent from the 2nd to the 22nd day after 
inoculation hut not on the 1st day or on the 26th day 
or later. 

Blood, —Virulent from the 3rd to the 21st day inclusive, 
but not before or after. 

Tunica .—Virulent from the 2nd to the 12th day inclusive, 
but not before or after. 

44 Hare ”: 

Brain, —Virulent from the 5th to the 15th day inclusixe, 
but not before or after. 

Blood, —Clear-cut results were not obtained, but it >vas 
infective on the 4th, 5th, 8th, 10th, and 13th days after 
infection. 


57 



Table 3. 

Injectivity of Brain and Tunica of Rat-typhus-infected Guinea-pigs (.Exp . 109). 


STUDIES OF THE BICKETTSIAS Ill. 




68 










Table 4. 
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(N = no reaction ; P = positive reaction ; j - = died ; ND = not done ; -f- = infected ; — = not infected). 

Duration of infectivity of brain = 15 days. Duration of infectivity of blood =*= 13 days. 
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Duration of infectivity of blood = 21 days. 
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The results obtained with the brains of rat-typhus-infected 
guinea-pigs do not differ greatly from those obtained by Nicolle and 
Laigret (1933). With a Toulon murine strain, the virus survived 
for 41 but not for 44 days and with a Mexican strain for 34 but 
not for 44 days. However, Philip and Parker (1938) were able to 
recover virus from the brains of infected guinea-pigs 120 days, but 
not 150 days, after inoculation of virulent material. 

It is interesting to note that 4 examples of an inapparent 
infection were got in these experiments (rat typhus table 3, tunica. 
2nd day; rat typhus, table 5, blood, 21st day; “ Hare ”, table 4, 
brain, loth day; “ Hare ”, table 4, blood, 4th day). These results, 
and a few others that will not be discussed, support Nieolle’s (1934) 
contention that an immunity test is essential in work of this kind. 

The Minimal Infective Dose of the Brain of Rat-typhcs- 

INFKCTKD G rINEA-IM G ft. 

Technique, 

The brain was thoroughly emulsified in a measured volume of 
saline and the emulsion treated in the following way: — 

1. Dilutions made in saline and injected intraperitoncally 
into guinea-pigs. 

2. Emulsion spun at 4,000 r.p.m. (Ecco-Superior-H) and 
the supernatant fluid or dilutions of this fluid injected intra- 
peritoneally or intracerebrally into guinea-pigs. 

3. The supernatant fluid of (2) centrifuged at 14,000 r.p.m. 
(Ecco Ultimo) and the supernatant fluid or dilutions of this 
fluid injected intracerebrally into guinea-pigs. 

Table 0 summarizes the results. 

The results given in 'Fable 6 show that as little as 1/2000 of :« 
brain contained sufficient virus to infect a guinea-pig, whereas the 
virus had been diluted below an infecting dose in 1/4000 of a brain. 
The supernatant fluid of brain mush, spun at 4,000 and 14,000 
r.p.m., whilst greatly reduced in titre as compared w T ith whole brain, 
was still infective (the equivalent of 1/200 of a brain, in terms of 
supernatant fluid, for the 4,000 r.p.m. material and the equivalent 
of 1/50 of a brain for the 14,000 r.p.m. sample). 

Immunity Experiments. 

1. In Vitro Neutralization. 

Parker and Davis (1933) were able to neutralize the virus of 
Kocky Mountain spotted fever, contained in the serum of infected 
guinea-pigs, with convalescent serum from guinea-pigs and rabbits. 
The virus and serum were mixed, left for half-an-hour at room 
temperature, and injected intraperitoneally into guinea-pigs. By a 
similar technique, Monteiro (1934 1 & 2) was not able to neutralize 
Sao Paulo typhus virus with epidemic typhus convalescent serum. 
Zia and Wu (1936) found that the serum of a horse liyperimmunized 
against typhus by Dr. Zinsser passively protected guinea-pigs against 
typhus. 


61 



STUDIES OJt THE BICKETTSU8 III. 


Table 6. 

The M.l.D. of Brains of Rat-typhus-infected Guinearpigs. 


Material Injected. 

l 

1 Route. 

Fractions of 
Brain Injected, 

Result. 

1. Saline emulsion of brain. 

i.p. 

1/100 (see note) 

+ 



1/1000 

4- 



1/1000 

+ 



1/2000 

+ 



1/4000 

— 

2, Supernatant prepared by spin- 

i.p. 

1/4 (see note) 

4 

ning (1) at 4,000 r.p.m. for 


1/20 

4- 

i hour 


1/200 

+ 



1/2000 

— 


i.c. 

1/100 

— 



1/150 

4- 



1/300 

+ -(«) 



1/400 

-- 



1/600 

~ 



1/800 

- 



1/1600 

— 



1/2400 

— 

3. Supernatant prepared by spin* 

i.c. 

1/50 (see note) 

+ - - - (>') 

ning (2) at 14,000 r.p.m. lor 




i hour | 





(i.p. a* intraporitoneally; i.c. - intracerebrally; + — positive reaction; — no 
reaction and not immune at subsequent tost; (a) ~ 2 experiments with 2 different brains ; 
((>) — 5 experiments with 5 diflerent bruins. 


Note .—The fractions given for (1) represent the actual fractions 
of one whole brain injected. For (2) and (3) the equivalents of 
1/20, 1/50, etc. of a w r hole brain in terms of supernatant fluid are 
given. 

Tests carried out by us with infective guinea-pig brain as virus 
and the sera of recovered guinea-pigs, rabbits or sheep as antibody 
were very unsatisfactory. On some occasions, 5*0 c.c. of serum was 
given intraperitoneally to guinea-pigs, followed in 24 hours by a 
small dose of brain. Little if any protection was afforded even 
with the use of homologous serum. The same type of result was got 
when brain mush and serum were mixed in vitro arid then injected 
intraperitoneally. Further, no definite neutralization of the virus 
contained in the supernatant fluid of a brain emulsion (spun at 4,000 
r.p.m. for half-an-hour) could be demonstrated when this was mixed 
with serum in vitro and the mixture injected intraperitoneally. 

At one time, we thought that egg-membrane cultures would 
prove very satisfactory as sources of virus, but later work did not 
justify this view. The membranes were thoroughly emulsified in 
0*85 per cent, salt solution and the emulsion spun at 1,500 r.p.m. 
for 4 minutes to deposit large particles. The supernatant fluid was 
then mixed with serum (equal parts for the intracerebral test, 0*3 
c.c. injected; 1*0 c.c. virus and 1*0 c.c. or 5*0 c.c. serum for the 
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mtraperitoneal test, the whole injected) and, after standing for 
half-an-hour at room temperature, the mixture was inoculated into 
guinea-pigs. Thirteen such tests were conducted with rat typhus, 
“ Robertson ”, and “ Hare ” egg-membrane cultures and the sera 
of recovered guinea-pigs. The results were not consistent; in one 
test, for example, rat typhus serum neutralized rat typhus virus 
and “ Hare 99 serum failed to do so, whilst at the following test 
(using the same batch of serum and the succeeding generation of 
egg-culture virus) partial protection was produced by both sera. This 
method appeared to have possibilities that are, perhaps, worth 
exploring, but in our hands had no advantage over the standard 
technique of directly testing the resistance of recovered guinea- 

Pigs- 

We realize that the sera with which we worked were probably 
of very low titre and that repeatable results would doubtless be 
obtained with the use of high value sera such as that produced in 
a horse by Zinsser and Castaneda (1933). 

2. Cross-immunity Experiments in Guinea-pigs . 

The method of conducting the cross-immunity tests was that 
used by most workers in the typhus field. Guinea-pigs, three to six 
weeks after recovery from one typhus strain, received, intra- 
peritoneally, another strain (brain or egg-membrane) and were then 
observed for a further two or three weeks. We wish to stress the 
importance of using more than one or two animals and the necessity 
for many tests in work of this kind. The result of six tests on two 
animals per test is, in our opinion, of much greater significance 
than the result of one test on twelve animals. A virus, slightly 
“ weaker ” than usual, may fail to produce sufficiently good reactions 
to justify the separation of two strains immunologically, but it is 
unlikely that a “ weak 99 virus will be used on three to six occasions. 
Further, it is essential that an adequate number of controls be 
inoculated at each test and that each react typically. As a rule, 
we tested three or four immunized and two or three normal guinea- 
pigs at one time. We have not included the controls in the tables 
because no experiment is recorded unless they reacted satisfactorily. 
Our interpretation of the results was as follows. If' the temperature 
and scrotal reaction of the guinea-pig under test were the same or 
nearly the same as those of the controls, the animal was taken to 
be non-immune to the test-virus; if a slight rise in temperature (no 
scrotal swelling) took place and the rise was not maintained for 
more than 24 or 36 hours, the result was recorded as doubtful, and 
if no reaction of any kind occurred the guinea-pig was considered to 
be immune. 


3. Cross-immunity Experiments in Sheep. 

A comparatively small number of tests was carried out in sheep, 
but, as will be seen from the results given in Table 8, they con¬ 
firmed those obtained in the guinea-pig. Virulent guinea-pig brain 
inoculated intravenously was the inoculum both at the time of the 
infection and test. A period of from three to six weeks after the 
return of the temperature to normal was allowed to elapse before 
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the immunity test was carried out. The result was judged on the 
temperature reaction only; by the method of test, scrotal swellings 
did not occur and no “ doubtful ” thermal rises were recorded. 

Table 7. 

Summary of Cross-immunity tests in Guinea-pigs . 


Immune to. 


Tested with. 

Rat 

Typhus, 

Hare. 

Robertson. 

Appleton. 

Fievre 

boutonneuse. 


R. ? NR. 

R. ? NR. 

R. 

? NR. 

R. ? 

NR. 

R. ? NR. 

Rat typhus. 

0 0 10 

10 1 0 

10 

0 0 

16 0 

2 

16 2 2 

Hare. 

5 3 12 

0 0 12 

0 

0 10 

0 0 

8 

0 0 12 

Robertson. 

3 0 13 

0 1 0 

0 

0 10 

N.D. 

1 0 26 

Appleton. 

6 6 12 

0 1 3 

N.D. 

0 0 

!! 

N.D. 

Fidvre boutonneuse 

1 1 10 

0 0 10 

3 

0 20 

N.D. 


1 0 22 

R -- reaction; 

? ~ doubtful reaction; NR. = no reaction ; N.D. = 

Table 8. 

Cross-immunity tests in Sheep. 

-- not done. 





Immune to. 



Tested with. 

1 

| Hare. 

| *• 


Appleton. 

Rat Typhus. 



R. NR. 

R. 

NR. 

R. NR. 

Hare. 

N.D. 

0 

1 

2 


N.D. 

Appleton. 

0 

2 

N.D. 

N.D. 

Rat Typhus. 

N.D. 

N.D. 

0 

2 


R = reaction; NR. -- no reaction; N.D. - - not done. 

The results summarized in tables 7 and 8 permit the immuno¬ 
logical grouping of the diseases in the following manner: — 

Group 1: Rat Typhus . 

(а) Immunizes solidly against itself. 

(б) Immunizes to a great extent against “ Hare ”, “ Robert¬ 
son ”, “ Appleton ” and fidvre boutonrieuse . 
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Group 2: “Hare", “Robertson ”, “Appleton ” and fivvre 

boutonneuse. 

(a) “ Hare ” and “ Appleton " cross-immunize. 

( b ) “ llare ”, “ Robertson ” and fivvre boutonneuse cross- 
immunize. 

(r) None of the four strains immunizes against rat typhus. 

Summary. 

1. The effect of the rickettsias of rat typhus, tick-bite fever, 
jievre boutonneuse , and of two other tick-bite-fever-like diseases 
(“ Hare ” and ” Appleton ”) on the guinea-pig, rat, mouse, rabbit, 
dog, sheep, and ox is recorded. Rat. typhus could be maintained in 
the guinea-pig and rat but not in the sheep, dog or mouse. “ Hare ”, 
alone of the other four strains, could be easily passaged in guinea- 
pigs. Only by the use of cultures from the chorio-allantoic 
membrane of the developing chick could consistently readable 
reactions be got in guinea-pigs with the tick-bite fever and jievre 
Inmtonneuse strains. 

2. A VVeil-Felix reaction was obtained with the sera of rabbits 
inoculated with rat typhus, “ Hare ” and tick-bite fever. With 
rat typhus, 0X19 was agglutinated by the sera of ten infected 
animals, 0X2 by none and OXK by one serum only; with “ Hare 
one of nine sera agglutinated 0X2, doubtfully 0X19 and not OXK; 
one other serum agglutinated 0X19 only. The serum of one of seven 
tick-bit e-fever rabbits agglutinated, in a doubtful fashion, 0X19 
only. The serum of rats, infected with rat typhus, agglutinated 
0X19 only and that of guinea-pigs, infected with rat typhus and 
carrying a banal proteus in their intestine did not agglutinate any 
one of the three proteus OX strains. 

3. Details are given of the duration of infectivity of the brain, 
blood, and tunica vaginalis of guinea-pigs infected with rat typhus 
and " Hare The brain of rat-typhus-infected guinea-pigs was 
virulent after 22 days, the blood after 21 days, and the tunica after 
12 days. The brain of “ Hare ’’-infected guinea-pigs was virulent 
after 15 days and the blood after 13 days. 

4. One two-thousandth but not 1/4000 of the brain of a rat- 
typhus-infected guinea-pig was virulent. Much of the virus could 
be deposited from brain by centrifugation at 4,000 r.p.m. for half- 
an-hour, and all but a trace was removed at 14,000 r.p.m. for half- 
an-hour. 

5. Attempts to neutralize the various rickettsias in vitro gave 
unsatisfactory results. 

6. Cross-immunity experiments in guinea-pigs permitted the 
grouping of the 5 typhus strains in the following manner; — 

(a) Rat-typhus .—immunized against itself and to a great 
extent against the other four typhus-like diseases. 

(5) “ Hare ”, tick-bite fever , “ Appleton ” and jievre 

boutonneuse ,—Q ave almost com plete reciprocal crost- 
immunity, but did not immunize against rat-typhus. 
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Wk are in full agreement with Pijper and Crocker (1938) when 
they say that “ Kiekettsiosis is now an important and recognized 
chapter of pathology However, a perusal of the literature 
indicates that a state of very considerable confusion exists and 
that this confusion is probably more marked when considering the 
South African rickettsioses; these have not received the same careful 
attention of the numbers of independent workers engaged on the 
subject in other countries. 

In the preceding articles (this journal) details have been given 
of the experimental work carried out with a number of rickettsias 
isolated from several different sources. In this portion of the study, 
it is our intention to summarize the findings with a view to 
classifying the diseases and to use us a basis the criteria outlined 
by Pinkerton (1936). 

At the outset it must be emphasised that we appreciate fully 
that our data are by no means complete. The work was incidental 
to a study of Rickettsia ruminantium , the cause of heartwater of 
cattle, sheep, and goats, and was initiated primarily to serve as a 
positive control for certain technique and experimental procedures 
which had produced negative results; but the findings are recorded 
as it is believed that some, at least, are of considerable importance 
and may be of value to other workers in the field. 

1. Cross-immunity Tests . 

It is agreed that for practical purposes the result of a reciprocal 
cross-immunity test is the most important single criterion for the 
differentiation of rickettsias. Care, however, must be exercised in 
the interpretation of results and it is again emphasized that an 
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adequate number of animals must be included in a series of tests 
before definite conclusions are drawn. When dealing with strains 
of high virulence and approximately equal infectivity for guinea- 
pigs, clear-cut results are usually obtained, but with strains of low 
infectivity considerable caution must be exercised in the final 
interpretation. In these cases, it is believed that the use of high-titre 
chorio-allantoic-membrane-culture8 as the test inoculum is a decided 
advantage. 

In table 7, part III, the results of the cross-immunity tests 
with the five strains investigated have been summarized. With the 
single exception of one guinea-pig out of 23 which reacted to fievrr 
boutonneuse and subsequently proved susceptible to the homologous 
virus, each strain produced a solid immunity against itself. Further, 
strains 44 Hare ”, 14 Robertson ”, fievre boutonneuse , and 

“ Appleton ” (the latter not tested against 44 Robertson ” and fievre 
boutonneuse) showed practically complete reciprocal cross-immunity. 
These results are in striking contrast with those recorded by Pijper 
(1936). On the other hand, the results of the tests with the murine 
typhus strain were not so clear cut. Rat typhus broke down the 
immunity of 55 (52 completely and 3 partially) out of 59 guinea-pigs 
recovered from infection with any one of the other strains, i.e. only 
4 out of 59 did not react at the heterologous immunity teBt. On 
the other hand, these strains produced a definite reaction in only 
approximately 20 per cent, of the rat-typhus-recovered guinea-pigs. 
These results agree partially with those recorded by Pijper and 
Dau (1932) and are in almost complete agreement with those 
recorded by Gear (1938). The significance of these results obtained 
with cross-immunity experiments w’ith rat typhus is not entirely 
clear. One is inclined to interpret them as being due to the 
existence of an antigen common to the two groups. Pinkerton 
makes a point of issuing a warning against the too rapid acceptance 
of this interpretation; he obtained similar results when investigating 
a strain of mild spotted fever from Minnesota and he quotes Nicolle 
who reported that a considerable number of guinea-pigs are 
refractory to typhus following vaccination with 5. paratyphosus 11 
or the bacillus of pseudo-tuberculosis. When viewed in the light 
of our final conclusions that the rat typhus strain belongs to one 
group (the typhus group) and all the other strains belong to another 
group (Rocky Mountain spotted fever group), this discrepancy in 
the cross-immunity tests indicates the danger of using a single 
criterion when comparing the different rickettsias. 


2. Study of Smear Preparations of the Scrotal-sac Exudate . 

The general nature of the cellular reaction produced by each 
strain was practically identical with all the strains studied, but 
the morphology, location, and especially the distribution of the 
organisms showed marked differences. 


In the case of murine typhus the rickettsias were longer, thinner, 
and more delicate with a definite tendency towards the formation 
of threads; they were found in large numbers only in serosa cells 
though single organisms were seen in neutrophiles and monocytes, 
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probably as a result of phagocytosis. On many occasions, large 
numbers of infected cells were found in preparations and there was 
always a tendency for the rickettsias to be aggregated in clumps; 
heavily infected cells contained uncountable numbers of parasites 
which distended the cell and displaced the nucleus. Intranuclear 
forms were never seen. 

With all the other strains the rickettsias were shorter and 
plumper, more commonly diplo-bacillary or diplo-coccal and never 
showed any tendency to form threads. Infected cells were always 
rare and these included, in addition to serosa cells, monocytes, the 
degree of infection excluding the probability of simple phagocytosis. 
There was never any tendency for the organisms to be aggregated 
in clumps; on the contrary they were always scattered throughout 
the cytoplasm and the degree of infection of individual cells was 
never so great that the number of parasites could not be counted with 
comparative ease. Again, intranuclear forms were not encountered. 

These observations agree with those of Gear except that he 
records the presence of intranuclear forms in the case of his tick-bite 
fever strains. 


3 and 4. Histopathology , and Location and Morphology of 
Organisms in Sections . 

No data are available on these two points. 


5. Stvdy of the Organism in Tissue Culture. 

Pinkerton deals exclusively with the in vitro cultivation of 
rickettsias in serum and Tyrode in the presence of surviving cells 
from the tunica vaginalis of guinea-pigs. In our studies, tlie use 
of the chorio-allantoie membrane of the developing chick embryo 
has been explored and there appears to be no valid reason why the 
results obtained by the two methods are not strictly comparable. 

Again, our strains divided themselves into two groups. On 
morphological grounds, it was exceedingly difficult to differentiate 
the rickettsias of these two groups;-the impression was gained that 
large numbers of minute eocco-baciliary forms were more common 
in the rat-typhus cultures and that, in cultures of the other strains, 
the individual organisms were distinctly larger. With rat-typhus 
cultures individual cells were frequently distended with a dense 
mass of rickettsias but intranuclear forms were never found in spite 
of the most diligent search. The picture seen when the other strains 
were examined was quite different. The cytoplasm of individual 
cells was never distended with parasites; these were scattered in a 
disorderly manner, though they were present in far larger numbers 
than in any preparation of the scrotal-sac exudate of guinea-pigs. 
In addition, intranuclear forms were common. The intranuclear 
parasites did not differ morphologically from the intracytoplasmic, 
and varied in number from single individuals to dense masses which 
gave the distended nucleus an almost homogeneous appearance. 
This intranuclear habitat was a constant differentiating feature. 
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The rat-typhus strain, although its multiplication resulted in 
the death of the embryo, appeared to multiply more slowly and 
showed a decided tendency to die out on serial passage. This 
tendency was not apparent with the other strains, although a 
sufficiently detailed investigation was not carried out to allow of a 
definite opinion. 

6. Studies of Organisms in the Arthropod Vector . 

No information whatever is available on the morphology, 
distribution or location of any of the South African strains of 
rickettsia of the typhus-Rocky-Mountain-spotted-fever group in 
arthropod vectors. 

In the case of rat typhus, apart from the negative feeding 
experiments of Gray (1931), no record appears in the literature of 
any attempt to determine experimentally whether fleas are the 
vectors of the typhus-like-condition harboured by rats. Apparently 
it has been the practice to label as murine or endemic typhus a 
strain of rickettsia isolated from that source. This was actually 
done in the case of the strain with which we worked, though 
fortunately we believe that our data, together with those of 
Gear (1938) and Gear and Becker (1938), certainly place this strain 
in the typhus group (Gear’s and our strain originated from the 
same source). The fact that we have shown experimentally that 
the rat is susceptible to both groups of rickettsia illustrates the 
danger of this practice since the larva of Amblyomma hebraeum 
is well known for its extremely ubiquitous feeding habits. This 
tick is a known transmitter of the tick-bite fever. 

In the case of tick-bite fever very little has been done experi¬ 
mentally even to identify the arthropod vector. Brumpt (1927) 
states that Amblyomma hebraeum , Rhipicephalus slums , and 
Boophilus decoloratus are transmitters of tick-bite fever but does 
not quote any work in support of, this statement. Pijper and Dau 
(1934-1935) isolated a strain by the injection of an emulsion of 
Rhipicejjhalus appendiculatus larvae collected from an immune man. 
They failed, however, to transmit the disease with larvae, nymphae 
or adults of Amblyomma hebraeum . Gear and Pouthwaite (1938) 
reported the isolation of tick-bite fever from an engorged adult 
dog tick, Haemaphysalis lea,chi. We isolated a rickettsia, identical 
with Gear’s tick-bite fever strains, by feeding on a guinea-pig 
Amblyomma hebraeum nymphae collected from a hare. As far as 
we are aware this represents the whole of the published experimental 
work on the transmission of tick-bite fever by ticks. 

The Weil-Felix Reaction .—According to Pijper and Crocker 
(1938), the titres of the sera of patients convalescent from South 
African epidemic typhus, South African sporadic typhus, and tick- 
bite fever are nearly always lower than those obtained with the sera of 
people who have suffered from European typhus. Pijper and Dau 
(1934, 1935), and Pijper and Crocker (1938) report that proteus 
0X2 is agglutinated almost as well as 0X19, and OXK agglutination 
is not uncommon. In an outbreak of tick-bite fever (12 patients) 
recorded by Gear and Bevan (1936) low titres were obtained; the 
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titre for 0X19 was, except in one instance, higher than that for 
0X2 and one serum only agglutinated OXK (1:50). Gear (1938), 
in a larger investigation, again shows that low titres were obtained 
in tick-bite fever, that 0X2 and 0X19 agglutinins were of equal 
significance and that OXK was not constantly agglutinated and 
never to a high titre. In an extensive series of tests of the sera 
of patients infected with South African epidemic (louse-borne) 
typhus Gear (1938) shows that 0X19 is generally agglutinated to 
a higher titre than 0X2, that high 0X19 titres are not uncommon 
(1:3,200-1:25,600), and that OXK agglutination is irregular and 
occurs no more frequently than in febrile conditions other than 
typhus. 

In our hands, 10 rat-typhus-infected rabbits produced 
agglutinins for 0X19 and, although low, the titres were definite. 
Two rabbits produced OXK, in addition to 0X19, agglutinins but in 
no instance did 0X2 agglutinins appear. 

The strain “ Hare ”, which had much in common with tick-bite 
fever, stimulated the formation of both 0X2 and 0X19 agglutinins 
in one rabbit, of 0X19 agglutinins only in another, and of none at 
all in 7 others. The human tick-bite fever strain (Robertson) itself 
caused the formation of just detectable amounts of 0X19 agglutinins 
in one of seven rabbits inoculated; the remaining six were negative. 

In button fever (Durand, 1932) and in Rocky Mountain spotted 
fever (Maxcy, 1936) high titres are not common and 0X2 and 0X19 
arc of equal significance; however, OXK is not agglutinated. This 
absence of OXK agglutination in these diseases would, on Pijper's 
positive findings in tick-bite fever, differentiate these diseases from 
tick-bite fever. But there is little doubt that the Weil-IVlix reaction 
in button fever, spotted fever and tick-bite fever is a group, as 
opposed to a spec ific, agglutination; thus one is not fully justified 
in stressing the OXK agglutination in tick-bite fever. If tlie OXK 
agglutination is to be used as one means of separating tick-bite 
fever from button fever and spotted fever, then it must also he 
used to group South African epidemic and endemic typhus and 
tick-bite fever together. Whilst, on the one hand, we have results 
which show that a murine strain of South African typhus probably 
shares an antigen with tick-bit e-fever (see “ cross-immunity tests 
in guinea-pigs ”), on the other hand, we have other results which 
(dearly separate these two diseases (see “ the morphology and location 
of the rickettsias ” and “ cross-immunity tests in guinea-pigs *’). 
Thus, until a protevs X strain specific for tick-bite fever is isolated, 
we consider that the Wei'l-Felix reaction should not he used as an 
important test in differentiating tick-bite fever from button fever and 
spotted fever. 


8. The Clinical Picture in the Guinea-pip. 

Rat Typhus .—In common with Dr. J. H. S. Gear, of the South 
African Institute for Medical Research, who gave us the strain, 
we have had no difficulty whatsoever in maintaining rat typhus in 
the guinea-pig for two-and-a-half years by brain to peritoneum 
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passage at 8 to 10 day intervals. In addition, we have been main¬ 
taining another murine strain, placed at our disposal by l)r. G. Blanc, 
of the Pasteur Institute, Casablanca, for the last six months without 
any difficulty. Pijper and Crocker (1938) noted that epidemic 
typhus, in their hands, always tended to die out in the guinea-pig; 
however, in an earlier publication [Pijper and Dau (1935)] they 
make no mention of this point. 

We made no observations that have not already been recorded. 
The incubation period, the course of the fever, the scrotal reaction 
and the post-mortem picture agree closely with the findings of 
other workers. Whilst appreciating fully that a scrotal swelling 
can be caused by agencies other than a typhus infection, we would 
mention that a temperature reaction plus a swelling constitutes, 
in our experience, a surer sign of a typhus infection than a 
temperature reaction alone. 

Tick-bite Fever and Allied Diseases Robertson M , “ Hare ”, 
“ Appleton " and fievre boutonnevsc ).—The maintenance of these 
infectious (with the possible exception of “ Hare ”) in the guinea-pig 
caused the greatest difficulty. By carrying “ Robertson ” (human 
tick-bite fever) in duplicate, we were able to hold it for about fifty 
generations, but at no time were we happy about it. Not infre¬ 
quently, one line would die out and a fresh' start would have to be 
made with the other line. However, there was seldom any fear 
of losing the strain; in addition to passaging it in guinea-pigs, 
we cultured it on the chorio-allantoic membrane of the chick 
embryo. The Appleton strain behaved in almost the same way. 
except that we never tried to adapt it to the egg-membrane. 

With infected fievre boutonneuse brain as inoculum, we never 
really succeeded in producing satisfactory reactions in guinea-pigs 
and very early in the work had to have recourse to the egg-membrane. 
With this, good results were nearly always obtained. “ Hare ” 
gave satisfactory results for about three years (90 passages) by the 
brain to peritoneum method in guinea-pigs and then died out. 

Thus, a difference of importance but perhaps not of first 
importance, is shown in the behaviour of the viruses of rat typhus 
and of the fievre bovtonneuse —tick-bite fever group in the 
guinea-pig. 


10. The Clinical Picture in Other Animals. 

i questionable whether the rat, mouse, dog or sheep are of 

jalue m differentiating murine typhus from the other four typhus- 
i <e diseases with which we worked. The rat. was a suitable animal 
in which to maintain the murine strain but, on the other hand, both 
r* Ft e ^ ou an ^ Robertson ’ could be passaged in this animal 
Gn the contrary, we did not succeed in adapting “ Hare ” to the 
rat. Sufficient work was not carried out in the other animals to 
permit a definite statement, but no indication was got that they 
were or value in differentiating one disease from another. 
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The association of the dog with tick-bite fever is an aspect 
of this problem which merits discussion. Pijper insists that tick- 
bite fever has no association with dogs except in so far as they may 
act as mechanical carriers of infected ticks to the habitation of 
man, the ticks having picked up their infection by feeding on some 
unidentified reservoir in a previous developmental stage. Gear, 
on the other hand, emphasizes the association of his cases with the 
deticking of dogs, but 1 his observation throws no light upon the 
susceptibility of the dogs. The fact that a strain of rickettsia was 
isolated from the dog tick, II. leaclu , also is of little value since 
the larvae of this tick are known to feed on an exceedingly wide 
variety of hosts. In these studies wo have pointed out our failure 
to prove experimentally the susceptibility of the dog, but the value 
of this negative finding in a small number of experiments is largely 
discounted by our inability to be certain of the initial susceptibility 
of our animals. The final elucidation of this point therefore must 
await the completion of work on dogs, born and bred, preferably 
for two generations, under tick-free conditions. On the other hand, 
it must be borne in mind that our strain “ Appleton ’’ was isolated 
from the blood of a dog showing clinical symptoms of a febrile 
disease. 


11 . ( f hit teal Picture in Man. 

This criterion is included in this paper merely for the sake of 
completeness. From a perusal of the literature it is apparent that, 
apart from the primary sore which may be regarded as an almost 
pathognomonic symptom of tick-bite fever, it would be exceedingly 
difficult to differentiate this disease from typhus except in classical 
cases. 


Discission. 

Our fiual conclusions may be open to the criticism, possibly 
justifiable, that we have incorrectly labelled the various strains of 
rickettsia as the causal organisms of murine typhus, tick-bite fever 
and fievre boutonneuse respectively. In the absence of “ type 
cultures " isolated from classical cases of the diseases (his is a 
possibility, but not, in our opinion, a probability. Our strain of 
rat typhus was that used by Gear in his studies, the inactivity for 
man and the course of the disease resulting from accidental 
laboratory infection being described in detail by Gear and Decker 
(1938). Our “ Hare ” and “ Appleton ” strains proved identical 
with Gear’s “ Robertson ” strain isolated from a human being 
suffering from what he considered to be tick-bite fever. The strain 
of fifrvre boutonneuse came from the same source as that used by Gear 
and was isolated from ticks in a manner similar to that described 
by Pijper (1936). Consequently we do not feel that any unjustifiable 
claims for the correct identification of the respective rickettsias have 
been made. 

The five strains of rickettsia appear to fall into two distinct 
groups when due consideration is given to the sum-total of those 
criteria which have been the subject of detailed study. In the one 
group falls the murine, endemic or rat-typlius strain which has 
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been compared with epidemic louse-borne typhus by Gear. In the 
other group fall strains “ Robertson ” (tick-bite fever of man), 
“ Appleton ” (from a dog), “ Hare 99 (from ticks collected from 
a hare) and fievre hontonneuxe (from ticks collected from dogs at the 
Pasteur Institute, Tunis). It is not suggested that the name tick- 
bite fever should be replaced by either the French or the American 
term, since the name tick-bite fever has rightly received inter¬ 
national recognition as that applied to a specific rickettsial disease 
in South Africa and has come into popular usage in the country. 
However, it is suggested that, from a biological and etiological point 
of view, the relationship of the various diseases should be clearly 
recognized or understood. Bearing in mind Pinkerton’s classification 
of the etiological agents of the rickettsial diseases, it is proposed 
that the name “ Rickettsia prowazeki var. mooseri ” be retained 
for the causative agent of South African endemic typhus and that 
the name “ Dermacentrojcenus rickettsi var. pijperi ” be given to the 
causative agent of South African tick-bite fever. The variety name 
“ pi/jperi ” is suggested in honour of Dr. A. Pijper of Pretoria who 
is unquestionably the pioneer in the investigation of rickettsial 
diseases of man in South Africa. 

If this nomenclature is adopted it is apparent that certain 
additional modifications will become necessary; for instance, the 
name “ 7). rickettsi var. cottori 99 should be the name given to the 
rickettsiu causing fievre bovtonneuse . Further, the generic name 
“ Rickettsia 99 cannot be allowed for Rickettsia ntminantium , 
R . horis, /?. ovina or R. ranis , although the general names 
“ rickettsiu ” and ‘‘rickettsiosis ” may be retained since all are 
specific genera of the family Rickettsiaceae . These latter rickettsias 
differ so markedly morphologically and biologically from those of the 
typhus-spotted-fever group that the separation is merited, but no 
generic name is suggested pending the completion of adequate 
comparative studies. 


Kummaky. 

1. The five strains of ricTcettsia are discussed and compared 
according to the criteria suggested by Pinkerton (1930). 

2. It is concluded that they fall into two groups: 

(a) Typhus group—endemic, murine or rat typhus. 

(b) Rocky Mountain spotted fever group —fievre boutonnevse , 

strains “ Robertson ”, “ Appleton 99 and “ Hare M , 

which are similar and show only minor strain differences. 

3. A proposed nomenclature is discussed. 
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INTRODUCTION. 

The significant part played by Salmonella infection in both man 
and animal and the frequency wilh which members of this group 
of organisms have been associated with outbreaks of food-poisoning 
in man, have led to a detailed study of their antigenic components 
during recent years. With the advent of reliable methods of 
serological analysis it has become possible to recognise several new 
strains of Salmonella and to subdivide a number of older forms 
into distinct types in cases where groups of these were previously 
grouped in a haphazard fashion under one name on either clinical, 
zoological or cultural grounds. Where pioneer workers had to rely 
largely or solely on the fermentation reactions of the types for a 
differentiation of the groups, a description of the organism at present 
can he accepted only if based on reliable serological work, involving 
the complete antigenic analysis of the bacterium. 

Schutze (1920) pointed out the futility of grouping Salmonellaa 
on clinical and zoological grounds, and showed the value of sero¬ 
logical methods of classification. By means of absorption tests lie 
Wft s able to divide the organisms included in the Aertrycke group 
into a number of types. Bruce White (192(1, 1929 a.b.), by adopting 
Schutze s types as a primary basis for study, unified the Salmonella 
taxonomy by comparison of such representative strains as he could 
find available. He identified these various strains and introduced 
a system of labelling for their different antigenic components. 
Kauffmann (1929 a.b., 1930 a.b.c., 1931, 1934, 1935 a.b.c., 1937) 
continued and extended the work initiated by Bruce White, hut 
used a different system of labelling. Lovell (1932 a) correlated the 
formulae presented by these two workers by giving the equivalent 
numbers and letters used in the two systems. In order to obviate 
the confusion that was bound to occur from the existence of two 
separate systems of antigenic labelling the Salmonella Sub-committee 
ot the International Society of Microbiology (1934) adopted Kauff¬ 
mann s terminology for general use. 
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In the study of the sPecific-phase—non-specific-phase variation 
of Andrewes (1922, 1925) the presence of two well-defined, but 
mutually convertible, types of organisms was recognised w r ithin the 
limits of a species. This phenomenon explained several of the 
factors concerned with the cross-agglutinations observed in a number 
of different types of Salmonella. But investigations on the antigenic 
structure of bacteria were actually commenced by Smith and Iteagh 
(1903) when they studied motile and non-motilo strains of the hog- 
cholera bacillus. They were the first to describe flagellar and 
somatic agglutination as two distinct processes and to show that the 
same organism may contain two agglutinable substances, which have 
the property of producing two corresponding agglutinins in animals. 
They found that animals inoculated with motile strains yielded a 
serum which agglutinated the homologous motile oiganisms at a 
dilution of over 1:10,000 hut barely affected the non-motile organisms 
at a 1)500 dilution. Sera prepaied against non-motile forms 
had a titre of only 100 to 500 for both motile and non-motile strains. 
They recognised tw T o types of agglutination, (1) laige, loose, rapidly- 
appearing flocculent clumps of flagellated (motile) organisms, and 
(2) small, compact, dense, slmvly-fonning (somatic) granules of non- 
motile organisms. They associated the agglutinins in the sera pre¬ 
pared w r ith the non-motile organisms (somatic* antigen) with the 
bodies of the bacilli and not with the flagella. On absorbing the 
sera made with the motile strain with non-motile bacteria, the 
somatic agglutinins alone were removed, the flagellar agglutinins 
remaining behind. 

About the same time Joos (1903) described two kinds of agglu¬ 
tinogen and two corresponding agglutinins in S. typln. He also 
observed tu r o forms of clumping associated wdtli two different 
agglutinogens, apparently conesponding to the flagellar and somatic 
agglutination of Smith and Iteagh. Moreover, Joos noticed that 
heating at (!0° to 62° (■. destroyed the antigen responsible for the 
large loose flocculcs but not the flagellar agglutinins, while this 
temperature had no effect on the antigen forming the small granules, 
but destroyed the agglutinin produced by it. Soon afterwards Beyer 
and Reagb (1904), also working with the hog-cholera bacillus, found 
that the flagellar agglutinable substance was greatly damaged by 
beating at 70° C. for more than 20 minutes, while the somatic 
substance w T as not affected; but the heating did not destroy the 
agglutinogenic property of the flagellar substance. Moreover, these 
workers showed that heating at 70° 0. destroyed the somatic but 
not the flagellar agglutinins. 

The importance of these findings was not fully lealised until 
AVeil and Felix (1917) observed that variation in the growth 
(diameters of Proteus X 19 w’as associated with very striking sero¬ 
logical differences. The one variant, termed by them the “ II 
(Hftuch) form, grew’ as a spreading film on agw and gave rise 
to a marked, loose flocculor agglutination with its own serum; wdiile 
the other variant, the “ O *' (ohno Hauch) form, grew’ as circular 
clumps with is own serum. They called the agglutinable substance 
present in the “ 0 ” form, “ O ” receptors and the material 
responsible for the large floccules of the “ II ” forms, “ H ” recep¬ 
tors. They showed that the “ II ” forms contained both receptors, 
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while the “ 0 ” forms contained only the “ 0 " receptor. Sera 
of rabbits inoculated with the “ H ” variant of Proteus A19 con¬ 
tained agglutinins for both “ II " and “ () 99 forms, while rabbits 
injected with the “ 0 ” variant, produced agglutinins for the “ 0 99 
form alone. When the “ O ” variant was heated at 100° C. or 
exposed to dilute acids or to pure alcohol its agglutinative power 
remained unaltered, but when the “ H 99 form was similarly treated 
or grown on phenol-agar it lost its power of agglutinating in large, 
loose floccules but retained the property of forming small granules. 

These results showed the complete analogy between the motile 
and non-motile forms of the hog-cholera bacillus described by 
Smith and lteagh and the “ H 99 and “ 0 99 forms of Weil and 
Felix. Soon afterwards Braun and Schaeffer (1919) demonstrated 
that the “ 11 ” antigen occurs only in cultures of motile organisms, 
while the “ 0 99 antigen is present in both motile and non-motile 
cultures. 

Later Weil and Felix (1920) demonstrated the presence of 
similar antigens in organisms of the typhoid-paratyphoid group, an 
observation subsequently confirmed by Gruschka (1923), Schiff 
(1923), Bruce White (1925) and others. Bruce White (1920) 
advised the use of the term “ H 99 antigen for the labile, flocculating 
flagellar form, and the term “ 0 ’* antigen for the stable granular 
form; the corresponding agglutinins he referred to as “ II ” and 
“ 0 v agglutinins respectively. It is now conventional to attach 
the label “ H ” to the lieat-labile flagellar antigens, and the label 
“ 0 99 to the heat-stable somatic antigens. 

A further advance with flagellar and somatic agglutination was 
made by Orcutt (1924a) when she confirmed the work of Smith and 
Reagh (1903) by using motile and non-motile strains of the hog- 
cholera bacillus derived from a single strain, originally motile. 
She employed a suspension of flagella as an agglutinogen and, by 
using rabbits, produced a serum containing only flagellar* but no 
somatic agglutinins. This sertim agglutinated motile^strains to a 
titre of 1:5,000, but failed to flocculate non-motile strains at 1:40, 
while antisera prepared with the washed bodies agglutinated both 
motile and non-motile strains up to 1:1,000. Orcutt (1924b) also 
found that heating the free flagella at 70° 0. destroyed their agglu¬ 
tinating power without materially altering their agglutinogenic 
property. On the other hand neither heating at 70° C. nor at 120° 
C. destroyed the agglutinating and absorbing properties of the soma¬ 
tic antigen. The somatic agglutinins were partly destroyed at 70° 
C. and completely at 75° C.; but the flagellar agglutinins, although 
unaffected at 70° C., were partly impaired at 75° 0. The work of 
Oraigie (1931) on the distribution of the “ H 99 and “ O ” antigens 
in the bacterial body confirmed the results obtained by Orcutt. 

Weil, Felix and Mitzeninaeher (1918), while working with 
typhoid and paratyphoid organisms, found both “ H ” and “ O " 
agglutinins in the sera of patients as well as in the sera of rabbits 
inoculated with whole bacilli. When bacterial suspensions heated 
at 100° C. were inoculated into rabbits agglutinins were formed 
which caused small granular flocculation of the “ O ” forms. These 
observations were subsequently confirmed by Bruce White (1926). 
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Andrewes (1922) found that the same culture of a pure growth 
of a motile Salmonella often contained two seta of individual bacilli 
with entirely different “ H ” antigens, the one specific for the 
particular race, or for a few races, while the other had wide affini¬ 
ties for a whole group of allied races of Salmonella . By picking 
a number of single colonies from an agar plate he succeeded in 
separating these two variants, which he referred to as the specific 
and the group phases; but on sub-cultivation, especially in fluid 
media, he found that each of the two phases usually mutated rapidly 
into organisms of both types. For the purpose of examining this 
phenomenon Andrewes (1925) advised the use of specific and group 
sera, prepared by absorbing the agglutinins not required from a 
serum which contained both. White (1925) showed that these phases 
were concerned purely with changes in the flagellar antigen, the 
somatic antigen being the same in both phases. Scott (1926a) 
showed that a strain of thornpson occurring in a quasi-group phase 
could be changed into a type (specific) phase. In order to suppress 
the excess of group antigen he grew the strain in a powerful group 
serum, viz. media containing 15 parts nutrient broth and 1 part 
of a strong group serum. After 24 hours the supernatant fluid 
in the tube became clear, while a thick deposit collected at the 
bottom. After centrifuging the culture, another tube with group- 
serum-broth was inoculated and a drop was plated for individual! 
colonies. The procedure was repeated after every 6 hours, plating 
a drop at each time. After a few passages a pure culture with a 
new phase was obtained and the deposit was no longer formed in 
the tube. By employing Wasson's (1935) modification of Scott’s 
method Bruner and Edwards (1939 a and h) and Edwards and Bruner 
(1939) were able to demonstrate additional phases in a number of 
organisms that were previously regarded as monophasic. 

Nchutze (1922), Bruce White (1925, 1926. 1929), Rauffmann 
(1929a, 1930a,b,c 1935a, 1935b, 1935c, 1937 etc.) and others have 
pointed out that the somatic as well as the flagellar antigen 
of Salmonelhm may be multiple, the somatic antigen being gene¬ 
rally regarded as the connecting link between different races of 
species. 

Ficker (1903) and Dreyer (1909) used broth cultures extensively 
as agglutinating suspensions for routine diagnosis. But the aggluti¬ 
nation obtained should be regarded as an “ H ’’-agglutination 
because liquid cultures generally contain bacteria which are more 
motile and better supplied with flagella for ** H ’’-agglutination 
than solid cultures. Moreover, Dreyer advised the use of dead 
cultures killed by the addition of 0*1 per cent, formalin and exposure 
at 37° C. for some days. Pyper (1923), on the other hand, found 
that bacterial suspensions containing formalin are unsuitable for 
purposes of routine diagnosis—he succeeded in detecting many more 
positive cases of typhoid fever with the complement fixation test 
than with a Widal test in which be was using formalised suspensions. 
Later Felix and Olitsky (1928) showed that for somatic agglutina¬ 
tion the antigen must be kept free from formalin and carbolic acid 
as either of these inhibit somatic agglutination in the presence of* 
“ H ’’-antigen. Thus, by using a formalised antigen for his test, 
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Pyper succeeded in detecting only those cases in which the serum 
contained “ H ” agglutinins. Those cases containing “ 0 ” agglu¬ 
tinins, but no “ H ”, failed to react. 

Bien and Sonntag (1917) succeeded in killing the motile forms 
and in destroying the flagella by heating the organisms in 30 per cent, 
alcohol at 37° C.: thus leaving an almost pure “ 0 ” suspension. 
Braun and Schaeffer (1919) found that the addition of 0*1 per cent, 
phenol to agar suppressed the development of flagella and, therefore, 
the production of the corresponding labile antigen. 

At present the agglutination test is generally regarded as a very 
reliable aid to the recognition and classification of pathogenic 
bacteria. For classification both somatic and flagellar antigens must 
be employed, although these are not equally important in all families. 
In Bacillus frrotens , for example, the flagellar antigen can be used 
for distinguishing large groups, while the somatic antigen is far 
more specialised. In Salmonellas, on the other hand, some of the 
somatic antigens are very widely distributed in the group, while the 
flagellar antigen is much more specific (Weil and Felix, 1920, Bruce 
White 1926). 

Both Schutze (1922) and Bruce White (1925, 1926) maintain 
that no reliable and safe antigenic relationship can be arrived at by 
means of absorption tests, unless cross-absorption and cross-aggluti¬ 
nation methods are carried out with both strains of bacteria and their 
sera employed in the test, i.e., unless the complete mirror test is 
performed. Bruce White obtained a number of so-called “ Schoti- 
muller ” strains, isolated from calves and described by Christiansen 
(1914) as Paratyphus-B (Schottmuller). By means of proper absorp¬ 
tion tests Bruce White (1926) found these organisms to be typical 
S. typhi-mvrium . 

The absorption of agglutinins from sera was first employed by 
Bordet (1899), Eisenberg and Valk (1902), Oastellani (1902) and Joos 
(1903). Subsequently this method was extensively used by several 
workers for the antigenic analysis of different groups of bacteria. 
Boycott (1906) was one of the first workers to distinguish between 
Paratyphosvs B and Bact. Aertrycke by its use; Bainbridge (1909) 
and O’Brien (1910) also adopted it for the differentiation of para¬ 
typhoid organisms, while Schutze (1920, 1922) and Bruce White 
(1925, 1926, 1929 a and b) made extensive use of absorption tests for 
the classification of Salmonellas. For the study of the antigenic 
analysis of bacteria absorption tests now play a most important and 
indispensable part. More detailed information on the subject of 
agglutination will be found in a review given by Arkwright (1931). 

SALMONELLA INFECTION OF CALVES. 

(1) Introduction. 

In Europe, especially in Holland, Denmark and Germany, 
Salmonella infection in cattle has assumed considerable proportions 
in certain localities, where it tends to recur year after year in an 
enzootic form, causing very heavy. Iobscs among young stock. The 
incidence of Salmonella infection in adults is generally regarded as 
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sporadic. Boat, enteritidis of Gaertner is the organism commonly 
incriminated as the cause of calf mortality, but as this labelling 
frequently includes a number of closely allied serological types most 
of the records referring to it are incomplete and unreliable. More¬ 
over, the members of this group cause disease in man as well as in 
animals, but it is seldom possible to recognise the exact type of 
organism involved, as a reliable antigenic description of the organism 
is hardly ever available. When Smith and Scott (1930) studied some 
of the organisms isolated from cases of calf diarrhoea and labelled 
Bad . enter it id is Gaertncr , they found that these belonged to the 
dnblin type. 

According to Jensen (1913) a form of calf diarrhoea (Kalberruhr) 
has been known in Europe for more than a century. Obich (1805) 
was probably the first to regard the disease as infectious, but it was 
left to Franck (1870) to prove it. The first bacteriological study, 
however, was made by Jensen (1891) when he investigated a serious 
outbreak of Kalberruhr in Denmark; but he could not completely 
distinguish the bacteria obtained from the normal intestinal contents 
of healthy calves from those of Kalberruhr. Later Thomassem (1897) 
described an outbreak of calf diarrhoea in Holland associated with a 
bacteraemia and caused by organisms which were called “ pseudo¬ 
typhoid bacilli M . Soon afterwards Pools (1899) studied a disease in 
calves which he ascribed to pseudocolibacilli. He distinguished 
pseudocolibacilli from ordinary virulent B. coli by virtue of their 
higher viiulenoe for small animals, their greater motility and their 
inability to ferment lactose. Later Jensen (1903, 1913) described 
diseases in young cattle and in calves under the term “ paracoli- 
bacillosis The organisms recovered from the tissues of affected 
animals fermented glucose, dulcite, mannite, maltose, xylose, 
rhamnose and sorbite, but not lactose or saccharose. Jensen stated 
that cases of meat-poisoning as well as some outbreaks of paratyphoid 
in man could be traced to the consumption of the meat of calves 
suffering from this disease. He divided the organisms into three 
serological groups (1) those which correspond to (laertner’s bacillus 
and which comprise the majority of strains, (2) those which resemble 
paratyphi-B and (3) a few' strains which resemble neither Gaertner 
nor paratyphi-B . 

Mohlor and Buckley (1902) reported a spontaneous enzootic in 
cattle due to a bacillus of the enteritidis group. They obtained the 
causal organism in pure culture from the internal organs of affected 
animals. Schmitt (1908) isolated Gaertner-like bacilli from calves 
affected with septicaemia, diairlioea and pneumonia. He regarded 
this disease (calf paratyphoid) as probably identical w'ith pseudo - 
bacillosis of Poels and paracolibacillosis of Jensen. Soon afterwards 
Luxwolda (1913), Warnecke (1914) and Dounia (1916) described cases 
of enteritidis Gaertner infection in Holland, Christiansen (1915) 
regarded paracoli bacilli as identical with bacteria of the enteritidis - 
paratyphus-B group. Meyer, Traurn and Roadhouse (1916) investi¬ 
gated an outbreak of infectious diarrhoea among a group of hand- 
reared calves, from 1 to 4 days old. They incriminated as the cause 
Bad . enteritidis isolated from the blood and internal organs of the 
affected calves. 
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Miessner ami Kohl stock (1812), Lutje (1926; and Lehr (1927) 
described outbreaks of paratyphoid disease in adult rattle. Two 
children became infected after receiving milk from a sick cow studied 
by Lutje. Lehr noticed that the agglutination titre of the sera of 
infected animals varied from 1:100 to 1:20,000; from the faeces of 
some animals, the sera of which had a titre of 1:100 to 1:200, he 
isolated Gaertner bacilli and he found the milk of a cow that excreted 
Gaertner bacilli in the faeces to be infected. 

Sometimes there exists a definite relationship between the disease 
in adult cattle and calves. Bourmer and Doetsch (1928) described 
several cases of Gaertner infection in both cows and calves. A 
number of adult animals excreted the bacilli with the faeces, and the 
milk of one particular cow that had to be emergency slaughtered 
caused infection in man. They also described an outbreak of para¬ 
typhoid involving more than 80 people who had partaken of cheese 
prepared from the milk of an apparently healthy cow which was 
discharging Gaertner bacilli with her faeces. Kinloch, Smith and 
Taylor (1926) described a widespread outbreak of acute enteritis 
affecting 497 persons in Aberdeen. Milk was found to be the cause 
of the disease and the source of infection was traced to a cow with an 
indurated udder which later developed septicaemia. Gaertner bacilli 
were isolated from the faeces and the vomit of a number of patients, 
from the infected milk and from the udder and flesh of the cow. In 
order to determine whether Gaertner bacilli are excreted with the 
milk Standfuss and Wilkcn (1933) carefully examined the milk of 
two cows that were discharging large numbers of Gaertner bacilli 
in the faeces. The results were entirely negative and these workers 
came to the conclusion that when paratyphoid bacilli occur in the 
milk it is due entirely to contamination. 

ltimpau (1937) studied an outbreak of acute gustro-enteritis in 
80 persons of an institution due to typhi-mnrium (Hrvslau ). The 
vehicle of infection was ice-cream, and it was found that the cream 
used originated from a herd in which there was a calf discharging 
typhi-murium. 

A detailed study of the .incidence of paratyphoid in calves and 
adult cattle was made by Proscholdt (1931). Calves were found to be 
far more susceptible to infection than adults and Gaertner bacilli 
were considered to be the most important pathogen for calves, while 
adult cattle infected with this organism were regarded as the prin¬ 
cipal source of meat-poisoning. Proscholdt described two outbreaks 
of Gaertner infection spreading from adult cattle to calves. Aggluti¬ 
nation tests carried out sometimes revealed a title of 1:100 in healthy 
animals, a titre of 1:200 being regarded as suspicious, and one of 
1:400 as positive. Out of 465 cases tested by Proscholdt, 404 were 
positive^ for Gaertner aud only 61 to typhi-vivriv m. Rievel (1933) 
kept 4 infected carriers under observation for 18 months. In some 
animals the agglutination titres were as high as 1 :3,200. Periodically 
the organisms could not be detected in the faeces, and the presence of 
Gaertner bacilli could not be demonstrated in the milk at any time. 

Pallaske and Lommatzseh (1933) were unable to recover 
Gaertner bacilli from the organs of more than 47 out of 79 cases which 
showed pathological changes of paratyphoid. By cultivating sus¬ 
pected material for long periods in enrichment media they were able 
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1o detect bacteria in a large number of cases. Out of 43 outbreaks of 
paratyphoid in cattle, Franeke, Stand fuss and Wilken (1934) found 
25 due to dttblin , 11 to typhi-munum and a few to ro stock. In Italy 
Strozzi (1934) found S. enteritidis var. dublin as the most important 
causal agent of calf paratyphoid. Karsten (1933) also made a com¬ 
parative study of the incidence of Gaertner infection in adult cattle 
and calves. He considered that adult cattle, unlike calves, could 
discharge paratyphoid bacilli with the faeces for long periods, and 
he emphasised the danger of such dischargers to all animals that 
come in contact with them. Clarenhurg (1933), on investigating an 
outbreak of paratyphoid infection, found apparently healthy calves 
and cows discharging Gaertner bacilli in the faeces. On slaughtering 
the calves three weeks later he discovered typical neciotic foci in the 
liver and kidneys, but failed to isolate the organisms from the intes¬ 
tinal contents or internal organs; but the tit re of the serum at first 
negative was now found to be 1:200 and 1:400. With regard to 
meat inspection, Clarenhurg (1934) showed that it is extremely diffi¬ 
cult to obtain Gaertner bacilli from the muscles of some animals in 
which organ cultures have yielded positive results. He considered 
the use of enrichment media (e.g. tetrathionate broth) essential for 
the recovery of Gaertner bacilli from the muscles. 

Weber (1930) regards tlie walls of the stomach and intestines as 
predilection sites for S. enteritidi >, and therefore attaches consider¬ 
able importance to the bacteriological examination of the mucosa of 
all suspected cases; he claims to have succeeded in detecting many 
carriers by placing scrapings from the intestinal'mucosa in enrich¬ 
ment media, when the cultivation of faeces yielded negative results. 
He also noticed that Gaertner bacilli are frequently excreted inter¬ 
mittently in the faeces and that a negative serological test may be 
obtained even when an animal discharges bacilli with the faeces. 
Klimmeck (1930), on studying a number of herds of cattle for para¬ 
typhoid carriers, found 47 adults and 39 calves positive; of the adults 
23 discharged Gaertner and 23 typhi-murium, while 33 calves 
excreted Gaertner and only 5 typhi-numnni. A very small percentage 
of the adult carriers gave a positive agglutination reaction, while 
the proportion in calves was still smaller. Knoth (1930) made a 
differential study of 50] strains of Gaertner bacilli obtained from 
slaughter animals, using arabinose and rhamnose broth, Bitter’s w r hey 
and Stern’s glycerine-fuchsia broth for his identification. He 
included 1 strain (0-2 per cent.) in the Jena type, 12 (2*1 per cent.) 
in the Bostock type, 20 (3*6 per cent.) in the Batin type and 528 
(94*J per cent.) in the Kiel type. 

In Fast Africa Daubncy (1927) investigated a very destructive 
form of calf paratyphoid associated with lung lesions, necrotic foci 
in the liver, haemorrhagic enteritis, tumor splenis and bacteraemia. 
He obtained organisms of the Salmonella enteritidis tvpe from the 
blood, internal organs and faeces of affected calves. In India Shirlaw 
(1935) investigated a highly fatal disease in calves caused by a 
member of the Salmonella enteritidis group. Calves ranging from 4 
to 120 clays old were affected. A tentative diagnosis of S. enteritidis 
was made purely on biochemical grounds. Hygienic factors were 
regarded to play an important role in the genesis of the disease. 
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In domestic mammals calf paratyphoid is by far the most serious 
and most common form of Salmonella infection. Of the 104 calf 
strains studied by me, 2 were found to be typhi-murium, 3 enteritidu 
and ninety-nine enteritidu var. dublin —the latter described first by 
Bruce White (1929). The strain described by Bruce White was 
isolated by Biggar from a man affected with septicaemia iollowing 
an operation on his kidney. Smith and Scott (1930) recognised this 
organism as the cause of three cases of continued fever in man studied 
by them. They considered that several of the cases of so-called 
“ Gaertner septicaemia ” encountered in man were in reality due to 
infection with the dublin type of organism. Some old laboratory 
strains obtained from outbreaks of food-poisoning, septicaemia ana 
meningitis, and labelled Bad, enteritidu , were examined by them and 
found to be of the dublin type. Six strains isolated from outbreaks 
of calf dysentery in Denmark which were included in the paracolon 
group ( B . paravoli) of Jensen (1913) were also recognised as belong¬ 
ing to the dublin type. Smith and Scott pointed out that in the 
majority of cases where this organism had been isolated from man, 
milk was incriminated as the cause; they regarded it as having a 
special association with bovine animals and concluded that cows’ 
milk was the common vehicle of human infection. Bosworth and 
Lovell (1931) described three outbreaks of dublin infection in calves 
in Great Britain, where Salmonella infection is generally regarded 
to be very rare. A little later Smith (1934) recorded two fatal cases 
in children due to infection with dublin . The organisms were 
obtained from the blood, cerebro-spinal fluid, throat swabs and pus 
from the pleural sac of one or other of the patients. 

In South Africa, Hutcheon (1893) referred to a disease of calves 
in the Eastern Province of the Cape that can probably be identified 
with “ lewersiekte 99 of Otto Heuning (1894). Hutcheon believed 
that the infection was spread from farm td farm by means of the 
faeces of infected calves. 

Otto Henning (1894) described the disease under the name of 
“ yellow liver 99 or “ lewersiekte ”. Subsequently calf diarrhoea was 
reported from different parts of the country. In 1920 I (Henning. 
1932) investigated an outbreak near Eat court in Nata'l and found 
lesions of necrotic foci in the liver and acute enteritis, but the etiology 
remained obscure until Viljoen and Martinaglia (1926, 1928) and 
Martinaglia (1929) incriminated Salmonella enteritidu, obtained 
from the organs of affected calves as the cause of the malady. They 
regarded this organism as a frequent secondary invader affecting 
mostly calves whose vitality had been lowered by factors such as 
improper feeding, bad hygiene, piroplasmosis, and anaplasmosis. 
Martinaglia (1929) described outbreaks of Salmonella infection in 
horses, fowls and canaries as well as in calves. He discussed the 
bacteriology, symptomatology, pathology and diagnosis of the disease 
caused by a number of different strains, and classified the organisms 
almost entirely on their biochemical characters, no attempt being 
made to give the antigenic structure of the bacteria described. As a 
result of the work of Andrewes, Schutze, Bruce White, Kauffman 
and others, reliable analytic methods of serological comparison are 
now available so that I have been able to devote my time largely to 
the study of the antigenic structure of different strains of Salmonella 
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isolated from domestic animals in this country. But, for the sake of 
comparison, the biochemical characters of the organisms are also 
given. (Table 25.) 

During the last three years no less than 102 outbreaks of calf 
paratyphoid were recorded in South Africa and in the majority of 
these the losses were considerable; from these outbreaks 1 have 
obtained 102 different strains of Salmonella . According to informa¬ 
tion received from different parts of the country it is quite evident 
that outbreaks occur which are never reported. In many cases the 
farmer inoculates his calves with paratyphoid vaccine as soon as he 
suspects the disease, and the inoculation frequently protects the 
animals against infection. Tn other instances the vaccination has 
little or no effect in protecting calves that are exposed in grossly 
infected areas or in premises harbouring a particularly virulent strain 
of the organism. Ai one time it was thought that these apparent 
breakdowns in immunity occurred only when the vaccine was pre¬ 
pared from a stock strain of Salmonella (dnblin), but it was subse¬ 
quently found that even vaccines prepared from local strains could 
not produce an immunity strong enough to resist a natural infection. 

The disease is always most severe in very young calves, but it 
may affect calves up to 4 months old. All affected calves discharge 
large numbers of bacilli with their faeces resulting in their wholesale 
dissemination. The scourge usually commences on a farm with a 
few cases of acute diarrhoea, and during the ensuing years the inci¬ 
dence of the disease may increase to an alarming extent, depending 
upon the conditions under which the animals are kept. In some out¬ 
breaks the infection becomes so severe that the majority of the calves 
reared on the place succumb to the disease. With the increase in the 
number of cases of paratyphoid the locality becomes more and more 
heavily infected resulting in the creation of a vicious circle. Farms 
which contain the greatest number of cattle are generally the worst 
infected. 

The habit of kraaling calves, or of kraaling the cows while the 
calves are admitted during the milking, or any procedure which 
permits calves under conditions where they have to come in contact 
with infected manure, favours infection. It is not known how long 
the rn&nure in infected premises will remain infective; all the avail¬ 
able evidence suggests that the infection persists for a matter of 
years. In 1934 I inoculated a young bovine with a virulent culture of 
Salmonella dublin (strain 154). After a severe reaction the animal 
recovered, but remained a carrier and discharged the organisms in 
its faeces for several months afterwards. Some of the infected faeces 
were collected, spread in a thin layer over a Petri dish and dried in 
the incubator for 48 hours; the dried manure was scraped out, bottled 
and placed on a shelf in the laboratory. Periodically this manure 
was tested for the presence of dnblin ; this was done by inoculating 
some manure in an enrichment medium, like tetrathionate broth, 
and by spreading some of the growth obtained on MacConkey’s lactose 
bile-salt agar. After 1,069 days the last test was made and the 
manure was found to be as badly infected as at the first test. Whether 
the organisms will survive for as long a period under natural condi¬ 
tions m the kraal or stable manure remains to be proved, but the 
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fact that, under certain conditions, dublin bacilli can remain alive 
in the manure for nearly three years is an indication that they are 
very resistant and that ary manure from infected premises must be 
regarded as very dangerous. The possibility of calves obtaining the 
infection from the manure under natural conditions should, therefore, 
be emphasised. Moreover, when cows are milked in stables or kraals 
with the floors covered with manure, dry or moist, contamination of 
the milk with manure may lead to the dissemination of dublin 
through the milk; a number of European workers (see above) have 
shown that the milk of cows discharging paratyphoid bacilli with the 
faeces may be contaminated with these bacilli, and that when milk 
is infected, the infection is always obtained from the faeces and not 
from the udder. 

My observations agree with those of Daubney (1927) and Viljoen 
and Martinaglia (1928), viz., that exposure of calves to unfavourable 
conditions and to diseases like piroplasmosis and anapiasmosis pre¬ 
dispose them to infection. 1 have studied several outbreaks in which 
the calves were so badly infested with ticks that their resistance 
must have been lowered considerably. Sometimes there was no doubt 
that the mortality could be attributed either to piroplasmosis, 
anapiasmosis, gonderiosis, or heart water, but in other cases the calves 
were infected with dublin as well as one or more of the tick-borne 
diseases. The role played by the latter in predisposing calves to 
paratyphoid infection must, therefore, be considerable. In some of 
the outbreaks studied by me I consider paiatyphoid as a disease per 
xe, but in many I regard the tick-borne disease as the primary cause 
of illness and the dublin infection as secondary. Moreover, the 
hygienic conditions under which the animals are kept, also play a 
very important part in the genesis of the disease—particularly when 
they are frequently exposed to conditions that bring them in contact 
with infected manure. 

Prophylactic measures for combating calf paratyphoid, there¬ 
fore, should entail the systematic eradication of ticks as well as the 
application of rigorous hygienic measures in all premises where 
calves are raised. 

All excreta and infected carcases should be properly disposed of, 
and healthy calves should be removed from the infected premises to 
clean surroundings. Vaccination, although a useful method of pro¬ 
phylaxis, cannot be relied upon solely; its value is greatest when it 
is used in conjunction with the application of suitable hygienic and 
tick eradication measures. But, as vaccination against calf para¬ 
typhoid forms the subject of another paper which is being prepared 
in collaboration with other workers at Onderstepoort, it will not be 
discussed here. 

From these records it is clear that Salmonella# are common 
pathogens of calves in different parts of the world, generally setting 
up symptoms of septicaemia, acute diarrhoea, pneumonia, and 
meningitis with lesions of haemorrhagic enteritis, broncho-pneumonia, 
tumor splenis, necrotic foci in the liver and kidneys, and meningitis. 
In the vast majority of outbreaks described, S. enteritUlis is incrimi¬ 
nated as the cause of the disease; but, apart from the work of Bruce 
White (1929), Smith and Scott (1930), Bosworth and Lovell (1931), 
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Smith (1934), Kauffmann (1935b, 1935c) and a few others, the identi¬ 
fication of the organism was not based on its serological characters. 
On the basis of a series of agglutination absorption tests carried out 
with all the strains of Salmonella obtained from calves in South 
Africa, I have been able to recognise the organism responsible for 
each outbreak. The results of these tests are given in Tables J, 2 
and 3. 


(2) The Teciimqce Employed. 

The material studied was obtained from different parts of the 
country, in most oases it was composed of organ specimens (liver 
and spleen) sent to the laboratory in 50 per cent, glycerine; some¬ 
times fresh faeces or faeces sent in glycerine were submitted for 
examination. Occasionally a sick animal was available for investi¬ 
gation. Tn addition several cult urea made from fowls by Mr. 
J. 1). \V. A. Coles, Chief of the Department of Poultry Diseases 
at Onderstepoort, were studied. These are described in Section VI. 
Most of the material was obtained from places 100 to 800 miles 
away from the laboratory so that it was not possible to visit'more 
than one or two infected farms. As routine preventive inoculation 
of all calves in areas infected with paratyphoid was generally 
carried out, it was not possible to obtain sick calves for observation 
that had no! been previously inoculated with paratyphoid vaccine. 

Eor the identification of Salmonella types the technique advised 
by Scott (1934) and modified by me was ususally employed. Speci¬ 
mens of suspected material (blood, liver, spleen, faeces) were spread 
directly on MucConkey's lactose bile-salt agar in Mason tubes 
(Mason 1933)—Scott used Petri plates. Generally it is advisable to 
dilute some of the material in saline or broth before it is spread 
on the MacConkey. In this way isolated colonies will be obtained 
more easily. In addition material (especially faeces) is inoculated 
into an enrichment medium, e.g. tetrathionate broth or 1 per cent, 
peptone water containing brilliant green (1 in 150,000). After 18 
to 24 hours incubation the Mason tubes are examined and the en¬ 
riched cultures are spread on dry MacConkey agar. The characteris¬ 
tic pale, finely structured Salmonella colonies are picked from the 
tube which is frequently crowded with colonies of lactose-ferment¬ 
ing B. coli; sometimes colonies of late lactose fermenting or non¬ 
lactose fermenting B . colt, B. pyocyatints and B . proteas are seen— 
these should be avoided and should not be confused with Salmonella *. 
The suspected Salmonella colonies are now ? subjected to an agglutina¬ 
tion test. A portion of a suspected colony is picked and emulsified 
in a loopful of group serum (e.g. European cholerae-suis serum) 
and in a loopful of type serum (e.g. ententulis serum) on a glass 
slide, the dilution of the serum depending on the titre—about 1 
in 50 if the title is 1:5,000. A number of the suspected colonies 
ere emulsified each in two separate loopfuls of diluted sera (group 
and type); the amount of serum carried over from the one to the 
other drop is too small to confuse the reaction. 

Some of the colonies may agglutinate with one or other of the 
two drops of serum; while others may fail to agglutinate with either, 
or may exhibit a mere trace of agglutination. Organisms which 
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occur in the specific phase will react with their own tyne sera, while 
those that happen to be in the non-specific phase will agglutinate 
with a group serum. When a reaction occurs a characteristic 
flocculation is seen which is readily distinguished from non-specific 
salt agglutination of Hough variants. Moreover, in a positive test 
flocculation will occur only in the one drop and not in the other, 
whereas in the case of salt agglutination clumping will be observed 
in both. A good hand lens and a dissecting microscope are very 
useful during the fishing for colonies as well as for the study of the 
reaction. Colonies that have given a positive reaction are picked, 
subcultured and studied further. 

“ Pure ” type-specific sera can be prepared by inoculating 
rabbits with G to 8-hours old broth cultures of Ihe organism in the 
specific phase. But as these sera always contain a certain amount 
of group agglutinin, preliminary absorption of the latter with an¬ 
other Salmonella containing the same group phase, but another type 
phase, is recommended. If typhi-murium serum, for example is 
absorbed with a mixture of paratyphi-B and cholera-avis, the group 
agglutinins will be removed leaving a “ pure ” type serum-dilution. 
If the organisms used for the absorption contain the same somatic 
antigen (e.g. paratyphi-B and typhi-invrinm) the “ 0 ” agglutinins 
will also be removed; thus preventing them from interfering with 
the reaction. The “ pure ” type serum will contain only type agglu¬ 
tinins, but neither “ 0 ” nor group agglutinins. For routine diag¬ 
nosis a set of representative type-specific sera should be available, 
e.g, paratyphi-B , typhi-murium , cholera-sms, new port, thorn pson , 
potsdam , bovis-morbificans , typhi , enteritidis and Vi sera. If a 
suspected colony gives a characteristic reaction with only one of 
these sera, a preliminary diagnosis is made and the culture obtained 
from it is studied further by means of agglutination absorption 
tests. If group serum is used, colonies occurring in the group phase 
will be detected. Occasionally more than one type Salmonella is 
present in the culture (mixed infection), but the second organism 
is not likely to be missed as ldhg as a reasonable number of colonies 
is examined. 

Sometimes, when diphasic Salmonellas are studied, there may 
be some difficulty in demonstrating the existence of specific-phase 
colonies, if colonies in the group phase predominate. On repeated 
sub-cultivation of the latter, however, an occasional colony occurring 
in the specific phase may be detected. But in* cases like European 
choleraesvis, where the organism occurs permanently (?) in the group 
phase, phase dissociation will not readily take place. 

For the acceleration of phase dissociation Scott (1934) 
recommends the use of broth containing approximately 15 per cent, 
group serum. Group colonies cultured in this medium yield a 
culture with a clear supernatant fluid and a dense deposit after 18 
hours’ incubation. On repeated sub-cultivation in group serum- 
broth, a turbid supernatant fluid may ultimately be obtained. If 
this turbid culture is now plated, most of the colonies resulting will 
be in the specific phase. Sometimes as many as 10 or 12 passages 
may be necessary before the phase dissociation becomes apparent. 
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Scott's technique was improved by Wassen (1935) and Bruner 
and Edwards (1939a and b). 

The differentiation of monophasic organisms, like enteritidis 
and the members of its subgroups, can be carried out on similar 
lines. The specific $erum is absorbed so that only the agglutinin 
factors not present in the sera of the other types are left. For 
example, by absorbing enteritidis serum with the type moscow , 
agglutinin factors y.o. of the Kauffmann-While Schema (1934) are 
removed, leaving factor m which is exclusively present in enteritidis. 
Several of the other members can be purified by absorption with 
enteritidis which removes factors y.o.m . 

A pure culture of the strain studied was obtained either by 
picking single colonies from three successive generations of the 
culture on agar plates, or by single-celling the culture according 
to the method described by Mason (1936). Saline and thermo¬ 
agglutination tests, as well as the shape of individual colonies were 
studied for evidence of roughness. Unless indisputably smooth 
colonies could be obtained the culture was discarded. Only a few 
strains isolated from organ material (liver or spleen) were fou/id to 
be completely rough; but several cultures obtained from faeces of 
infected or carrier animals turned out to be rough. All the strains 
studied behaved morphologically and culturally like typical 
Salmonella*, 

Preparation of anti yens .— For the preparation of agglutinating 
suspensions the technique employed is that described by Lovell 
(1932). For “O’* suspensions a smooth strain of the organism is 
grown on agar contained in Mason tubes (Mason, 1933) for 24 hours 
at 37° 0., the inoculum used being obtained from agar slope 
cultures. The growth is washed off with 93 per cent, alcohol and 
heated in a waterbath at 36° V. for 2 hours. After the suspension 
has been centrifuged and the alcohol poured off, the deposit is re¬ 
suspended in about one cubic* centimeter of distilled water, before 
it is made up in saline to the opacity required. For preserving the 
antigen, Bruce White advises the addition of 66 per cent, of’ 
glycerine to the thick suspension in distilled water; this mixture is 
diluted in saline when required for use, the density of the antigen 
being approximately a thousand million organisms per cubic centi¬ 
meter. 

“ H “ suspensions are prepared by growing a motile strain of the 
organism in broth at 22° 0. for 18 hours or at 37° (5. for 6 to «8 
hours. Frequently the culture is merely left standing on the 
laboratory bench over-night, during which period a suitable density 
is usually obtained. In the case of diphasic members of the group 
it is essential to pick colonies in both the specific and non-specific 
phases, and to prepare broth suspensions from each one. In order 
to obtain well separated colonies a small amoupt of inoculum is 
spread on fairly dry agar in Mason tubes and incubated over-night. 
Next morning about a dozen or more suitable colonies are selected 
and numbered; half of each colony is picked and inoculated into 
broth, and then transferred to the incubator for about 3 to 6 hours, 
while the Mason tubes are placed in a refrigerator to prevent further 
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giowth and dissociation of the colonies. Alternatively the colonies 
are Picked and each one is seeded into duplicate tubes of broth. After 
incubation the one tube is stored in the refrigerator, while the dupli¬ 
cate is tested. It is seldom necessary to incubate the broth tubes for 
more than 5 or 6 hours; if a suitable density is obtained the cultures 
are killed by the addition of formalin to a concentration of 0*25 per 
cent, and heating at 57° C. for two hours. Two parallel rows of 
Dreyer tubes are now placed in a rack; lo each of the tubes in the 
one row 0*5 e.e. type serum dilution is added, and to each of the 
lubes of the other row a similar amount of diluted group serum is 
added; this is followed by the addition of 0*5 c.o. of the suspension 
from each of the broth cultures to a tube of serum dilution in each 
row. The rack is placed in a waterbath at 55° 0. The cultures that 
are agglutinated by the type serum occur in the type phase and have 
been obtained from colonies in that phase, while the suspensions 
that flocculate with group serum have been obtained from group 
phase colonies. The kind of antigen, type or group, required can 
now be prepared by inoculating broth with the remaining half of 
the colony in the Mason tube, meanwhile stored in the refrigerator. 
In order to reduce the lag phase in the growth of the cultures the 
broth tubes are placed in a water-bath at 40° C. for about 10 minutes 
before incubation. 

Group and type phase colonies may also be recognised by testing 
them in droplets of group and type serum on a glass slide according 
to the method described by Scott (1934). 

“ H ” suspensions are made up to a density of approximately 500 
million per cubic centimeter and “ O M antigens up to roughly 
],000 million per cubic centimeter. 

Agglutinating sera are prepared by injecting rabbits intravenously 
with killed bacteria 4 or 5 times at 3 or 4 day intervals. For mixed 
“ H ” and “ 0 ” sera, the antigen used is a saline suspension of 
an eighteen hours old agar culture. The organisms are also killed 
by the addition of formalin to make a concentration of 0*25 per cent, 
and heating at 57° C. for two hours. For the preparation of type 
and group sera the organism in the required phase is grown in broth 
for approximately 0 hours and killed before injection. But the type 
sera obtained always contain a certain amount of group agglutinins 
which should be removed by means of an organism occurring in the 
group phase, or by one which has the same group but a different 
type phase. Group phase sera are also seldom “ pure M , but purifi¬ 
cation is far more difficult on account of the presence of some 
similar group factors in all group antigens. 

For the preparation of “ O ” antisera the antigen consists of 
a boiled saline suspension of an eighteen hours old agar culture. 
The first dose given is usually about 100 to 200 million bacteria 
suspended in 1 t\e. of saline. Subsequent doses can be gradually 
increased until a final dosage of approximately 600 to 1,000 million 
bacteria is reached. The administration of larger doses does not 
appear to be justified. It is seldom necessary to give more than five 
oi* six injections; too many injections are liable to produce sera of 
titres too high for easy absorption work. 
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Agglutination tests are carried out in Dreyer tubes placed in a 
water-bath at 55° C., the lower half of the tubes being immersed in 
water. The agglutination of “ H ” suspensions results in the 
formation of coarse, loosely arranged floccules within a very short 
time, reaching its maximum in about 2 to 4 hours. The clumping 
of “ 0 M suspensions occurs more slowly and is characterised by the 
formation of fine granules; this is best seen after the tubes have been 
standing in the water-bath overnight. 

Saline dilutions of the serum to be tested are generally made in 
a series of dilution tubes. From these the serum dilutions are 
transferred to Dreyer tubes in 0*5 c.c. amounts. A similar amount 
of antigen is added to each tube. For “ H M agglutination the 
tubes are read after standing for about 2 hours in the w^ater-bath 
and for 41 0 ” agglutination the readings are taken on the following 
morning. 

For alworption tests the absorbing organism is grown on agar 
in Mason tubes for about 24 hours. The agar is poured fairly thick 
into the Mason tubes so as to furnish a good growth. After the 
agar has properly set the Mason tubes are placed flat in a cupboard 
for about 3 or 4 days in order to allow most of the water of conden¬ 
sation to evaporate; alternately the tubes are put in the incubator 
overnight. Unless some of the w ? ater of condensation is evaporated, 
the surface of the agar will be too moist, and the excessive fluid on 
the surface of the agar will interfere with the subsequent removal 
of the growth. The seed material is either a fresh agar or broth 
culture of the organism. If the surface of the media in the Mason 
tubes is still moist a loopful of inoculum from the agar slant is 
preferred, but if the surface is dry a couple of drops from the broth 
culture should be used. As a rule, however, a thicker growth is 
obtained if a large amount of inoculum is used. The seed material 
is spread by means of a blunt, slightly bent Pasteur pipette flamed 
before use. After 24 hours’ incubation a fairly thick homogeneous 
growth will be obtained on the surface of the agar. By using Mason 
tubes instead of Petri plates for culturing the organism the risk of 
contamination is reduced to a minimum; whereas contamination of 
Petri plates kept in the incubator overnight is not uncommon. 

The serum to be tested is diluted to the concentration required; 
when the “ H titre is about 115000 a serum dilution of 1:25 or 
1:50 is recommended. The desired amount of serum dilution* is 
measured into a thick centrifuge tube. By means of a Pasteur 
pipette, approximately 25 c.m. long, with an open loop at the 
capillary end, the growth in the tubes is scraped off and emulsified 
with the serum dilution along the inside of the centrifuge tube; but 
great care should be taken that all the clumps of bacteria are 
properly broken up, so that the organisms are w r ell distributed 
throughout the liquid. The suspension is now placed on the bench 
for an hour or more and shaken every now and then so as to ensure 
thorough mixing of the bacteria and the serum. Although the 
absorption is usually complete after an hour of two on the bench, 
the suspension is preferably kept in the refrigerator overnight and 
centrifuged the next morning at about 2,000 revolutions per minute 
for one hour. The clear supernatant fluid is removed with a pipette 
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and tested. Sometimes, especially with high titre sera, better results 
are obtained if the absorption is performed in stages; i.e, part of 
the* antigen is mixed with the serum dilution at first, while the rest is 
emulsified in the same fluid after it has been centrifuged an hour 
or two later. 


(3) Serology. 

In Table 1 are given the results of agglutination and absorption 
tests that were obtained with cultures 154, 217 and 216 on the one 
hand and duhlin (Knox) and enteritidis M.7. on the other hand. 
The tests carried out with cultures 154 and 216 were complete 
bilateral (mirror) absorption tests, while the one performed with 
culture 217 was a unilateral absorption. Complete mirror absorption 
tests were also carried out with cultures 170, 171. 173, 175, 198, 203, 

295 and 430. The results obtained were identical with those given 
for culture 154 (Table 1) and, with the exception of those 
relating to culture 430 (Table 3), are not lecorded separately in this 
paper. 

Cultures 418 and 290 reacted the same way as culture 216 but. the 
records of their tests are not given; they are regarded as identical 
with culture 216 serologically. The results obtained with culture 
190 are given in Table 2; according to a one-sided absorption test 
performed with culture 502 its antigenic structure is apparently 
similar to that of culture 190 (see below). Unilateral absorptions 
were also carried out with the other 87 calf strains against dublin 
(Knox) serum; the results obtained with these show that they are 
identical with culture 217 aud are therefore not lecorded here. 

The records of Table T show that Salmonella enteritidis var. 
dublin (Knox) absorbed all the agglutinins (“ O ” and “ 11 ”) from 
154 serum as well as from the homologous serum, while culture 154 
exhausted both its own serum and dublin serum; enteritidu M.7., 
while completely removing all the agglutinins from the homologous 
serum, absorbed only the “ O ” agglutinins from 154 serum, leaving 
its “ II ” titre practically unchanged; in the same way, culture 154 
exhausted only the “ O ” agglutinins from enteritidis serum without 
materially reducing the “ H ” titre of the latter. These results, 
therefore, demonstrated that culture 154 has the same “ O ” antigen 
as enteritidis and dublin , and an “H ” antigen similar to that of 
dublin . Although culture 154 was agglutinated by enteritidis serum 
up to full titre, and although enteritidis was fully flocculated by 154 
serum, enteritidis could not appreciably lower the “ H ” titre of 
154 serum and culture 154 failed io remove the’ “ H ” agglutinins 
from enteritidis serum. 

According to the Salmonella Sub-committee of the Nomenclature 
Committee of the International Society of Microbiology, S. enteri¬ 
tidis var. dublin is composed of the following antigenic factors; — 
“ O ”, IX; and " H ” op “ O ” factor XII has been added subse¬ 
quently by Kauffmann (19356). As strain 154 is identical with dublin 
its antigenic structure is made up of the same components. Mirror* 
absorption tests performed with strains 170, 171, 173, 175, 198, 203, 

296 yielded the same results as strain 154; they are, therefore, also 
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identical with dublin and possess the same antigenic factors. The 
experiments carried out witn strain 217 and the other 87 strainfe not 
recorded in Tables 1 and 3 also demonstrated that these strains 
resemble dublin antigenically. In Table I it was shown that strain 
217 exhausted dublin serum as completely as this w*as done by dublin 
(Knox). 

Willi regard to strain 216 the results in Table 1 show that it 
completely absorbed enteritidis M.7. serum as well as the homologous 
serum, whereas enteritidis M.7. exhausted agglutinins from both 216 
serum and its own serum. On the other hand, strain 216 failed to 
reduce the U H” title of dublin (Knox) serum but removed all its 
“0” agglutinins. Enteritidis M.7. and strain 216 must, therefore, 
be regarded as identical, both containing the same antigenic factors 
viz. (i 0 ”, IX (XII), and “ II ” gom. Complete reciprocal absoip- 
tion of the “ 0 ” agglutinins of dublin (Knox) and strain 216 sera 
was effected by cultures of these two organisms on account of the 
existence of identical “ 0 ” factors in them; but the “ H ” antigenic 
components, although cross-agglutinating to full litre with the two 
ser.., were not sufficiently related to reduce the “ II ” titres of the 
sera. The cross-agglutination observed between the “ H ” antigens 
of strain 216 and dublin } of strain 154 and enteritidis M.7. and the 
corresponding sera, took place by virtue of the presence of factor 
y in the antigenic complexes of both types. Cross-absorption 
removed only this factor, leaving the other components undisturbed, 
hence the high “ H ” agglutinin titre of the absorbed sera. 

The antigenic structure of strain 190 was found to differ com¬ 
pletely from that of both dublin and enteritidis , but it was readily 
agglutinated by typhi‘murium “ 0 ” and type sera as well as by a 
group serum (e.g. cholerae-suis var. Kunzendorf' serum). In Table 
2 the records of an absorption test between strain 190 and typhi- 
murium are given. The results show that strains 190 not only 
removed all the type, group and “ 0 ” agglutinins from the homo¬ 
logous serum but also from typhi-murium (Glasgow) serum, while 
ty phi-murium (Glasgow) exhausted all the agglutinins from its own 
serum as well as from 190 serum. It is evident, therefore, that the 
antigenic structure of strain 190 and typhi-murium (Glasgow) are 
identical. According to the Salmonellas Sub-committee of the 
International Society of Microbiology, the following antigenic 
components have been assigned to typhi-murium: — ”0” IV, V 
and “ H ’’-specific, /, ” H ’’-non-specific, 1, 2, 3. According to 
Table 2 the same assignment should be allotted to strain 190. ‘ 

A one-sided absorption test was performed with another 
diphasic strain of Salmonella (culture 502) also isolated from a calf 
that had died from paratyphoid. Typhi-murium (Glasgow) serum 
was used for the test. The result was that culture 502 completely 
removed all the “ 0 ” type and group agglutinins from typhi- 
murium serum. Culture 502 therefore contained the same antigenic 
components as typhi-murium (Glasgow). 

The results recorded above clearly demonstrate that Salmonella 
enteritidis var. dublin is by far the most common cause of calf 
paratyphoid in South Africa. Of the 102 strains studied only t\*o 
proved to be S. typhi-murium , three were classified as S. enteritidis 
and 97 were grouped under S. enteritidis var. dublin . 
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Table 2. 

Typhi-murium (Glasgow) serum absorbed by typhi-murium 
(Glasgow) and by strain 190. 

Strain 190 serum absorbed by typhi-murium (Glasgow) 
and by strain 190. 


Antigen. 

Typhi- 

murium 

Serum 

Absorbed 

by 

Typhi- 

murium 

(Glasgow). 

Typhi■ 
murium 
Serum 
Absorbed 

by. 

Strain 

190. 

Typhi- 

murium 

Un« 

absorbed. 

190 

Serum 

Absorbed 

by 

Typhi- 

murium 

(Glasgow). 

190 

Serum 190 

Absorbec Serum 

by Un- 

Strain absorbed. 
190. 

Typhi-murium “O” 
Typhi-murium type 
Typhi-murium 
group. 

0 

100 

0 

0 

100 

0 

1,600 

100,000 

26,000 

0 

0 

0 

0 1,600 

0 0,400 

0 3,200 

Strain 190 “0’\. 

0 

0 

1,600 

0 

0 1,600 

Strain 190 type... 

100 

100 

100,000 

0 

0 0,400 

Strain 190 group.. 

0 

0 

26,600 

0 

0 3,200 


0 sss less than 1 :100. 


The antigenic properties of another strain, culture 430, isolated 
from the blood of a Native should also be recorded. The Native with 
a number of others had partaken of the meat of a calf which was 
suspected to have died from paratyphoid. Several of the Natives 
became violently ill and one, a woman, died from septicaemia. The 
blood of this woman was submitted to me for investigation and a 
Salmonella , strain 430, was isolated from it after enrichment in 
tetrathionate broth. Unfortunately no meal or part of the suspected 
carcass was available for bacteriological study (Henning 1938). 


Table 3. 


Antigen. 

Dublin 

Serum 

Absorbed 

Dublin. 

Dublin 

Serum 

Absorbed 

by 

Strain 

430. 

Dublin 

Serum 

Un- 

absorbed. 

430 
Serum 
Absorbed 
by . 
Dublin. 

430 
Serum 
Absorbed 
b y i 

Strain 

430. 

430 

Serum 

Un¬ 

absorbed. 

Dublin “O’*. 

0 

0 

1,600 * 

0 

0 

800 

Dublin “H”. 

100 

100 

26,600 

100 

100 

60,000 

430 “0”. 

0 

0 

1,000 

0 

0 

it 

800 

430 “H”. 

100 

100 

26,600 

100 

100 

60,000 


0 = leas than 1:100. 
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Cultures of strain 430 were readily agglutinated by dublin 
“ H ” and “ 0 ” sera; cross-agglutination and cross-absorption tests 
were, therefore, carried out as shown in Table 3. 

The results show that strain 430 absorbed al'l agglutinins (“ 0 ” 
and “ H ”) from dublin serum as well as from the homologous 
serum, while dublin in the same way completely exhausted both 430 
serum and its own serum. The presence of the small residues of 
unabsorbed agglutinins in both the dublin and 430 sera can be 
attributed to the high titles of the sera used for the test. 

Strain 430 should therefore be regarded as another strain of 
Salmonella ev teritidis var. dublin , containing the following 
antigenic components:— “ O ”, IX (XII) and “ H ” gp. 

For fermentation reactions see Table 25. 


SALMONELLA INFECTION OF SHEEP. 

Tu a recent paper (Henning 1930) I pointed out that Salmonella 
infection is not very common in sheep and that food-poisoning in 
man associated with mutton is comparatively rare. It is true that 
shortly after the Great War a very severe outbreak of food-poisoning 
was described in Germany by Fickinger (1919) and by Bruns and 
(rasters (1920). The source of the infection was traced to sheep, 
several of which were emergency-slaughtered in order to save the 
carcasses for humau food. Organisms described to be of the 
“ Paratyphosus B 99 type were isolated from the suspected mutton as 
well as the stools of the patients; but Bruce Whit* (1929) regarded 
the organisms incriminated as ,S\ ty phi-murium. Severe outbreaks of 
Salmonella infection in sheep have also been described in America. 
Jordan (1925) reported an extensive epizootic of dysentery in lambs 
in Colorado and found the causal agent to be S. typhi-murium , while 
Newsom and Cross (1924, 1930, 1935) investigated several outbreaks 
of gastro-enteritis in lambs caused by the same organism; Newsom 
and Cross regarded the long railway journeys the lambs bad to make 
and the long periods of fasting as predisposing factors; typhi- 
murium were obtained in pure culture from the heart blood and 
spleen of the affected lambs. The most common pathogenic 
Salmonella for sheep, however, is S. abortus ovis. This organism 
has been described by several workers in Europe, but it has not yet 
been recorded in South Africa; it was first described by Schermer 
and Ehrlich (1921), and later by Stephan and Geiger (1922), 
Bos worth and Glover (1925), Miessner and Baars (192T), Lovell 
(1931), Bosworth (1933) and Lesbouyries el ah (1933). 

Although several cases of suspected paratyphoid in sheep have 
been reported from time to time very little is really known of the 
incidence of the disease in South African sheep. So far only two 
authentic cases of Salmonella infection in sheep have been studied 
in this country; both strains have been isolated by Dr. J. H. Mason 
at Onderstepoort, and handed to me for identification. The 
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serological characters of the one were recently described in full 
(Henning, 1936). As its “ 0 ” antigen was shown to differ from the 
somatic antigen of nil previously described Salmonellas, it was 
admitted to species rank in compliance with the recommendations of 
the Salmonella Sub-committee of the Nomenclature Committee of the 
International Society of Microbiology (1934); in accordance with the 
suggestions of the Sub-committee, this organism was called 
Salmonella onderstepoort. 

Serology .—The conclusions drawn regarding the specificity of 
S. onderstepoort were based on the following information condensed 
in Tables 4, 5a and 6. 

“ 0 ” agglutination .—Cross-agglutination tests were performed 
with the heat-stable “ 0 ” antigens and “ 0 ” sera of the Salmonella 
types given in the Kauffmann-White schema of the Salmonella Sub¬ 
committee, os well as with the two newer types S. aberdeen (Smith, 
1934) and S. poonae (Bridges and Scott, 1935). The results are 
recorded in Table 4; negative reactions are not given. Although 
Onderstepoort serum agglutinated Senftenberg “ 0 99 suspensions to 
nearly full titre, Senftenberg serum barely agglutinated Onderste- 
poort “ 0 99 antigen at a dilution of 1:100. Onderstepoort serum 
also gave a trace of flocculation with the “0” antigens of 
Paratyphi-A and Ententidis . But the titre of Onderstepoort serum 
remained unaltered after absorption with either Senftenberg , 
Paratyphi-A or Enteritidis . On the other hand, Onderstepoort did 
not appreciably reduce the titre of Senftenberg . These results dearly 
show that Onderstepoort possesses an “ 0 ” antigen which does not 
correspond to that of any other Salmonella previously described. 

“ H 99 agglutination .—An Onderstepoort culture was plated on 
a Mason tube so as to obtain a number of individual colonies. These 
were tested against several type sera and against cholerae-suis 
(European) group serum. Some colonies were flocculated by the type 
sera of Reading, Newport, Ana turn, while others were agglutinated 
by cholerae-suis group serum. These type-phase and group-phase 
colonies were now sown into separate tubes (or flasks) of broth and 
grown at room temperature for 18 hours, or at 37° C. for 5 to 6 hours; 
the cultures were killed by formalin (0*25 per cent.) and heat at 57° 
C. for 2 hours, as described above. On the other hand, Onderstepoort 
serum agglutinated to full titre broth cultures of the type phases of 
newport , reading and anatum , and broth cultures of the group phases 
of cholerae-suis , reading, sendai, paratyphi-C. A strong agglutina¬ 
tion was obtained between onderstepoort serum and those antigens 
containing factors e.h of the Kauffman-White schema; when antigens 
containing only factor e , hut not h, (e.g. jyotsdam and brandenbuvg 
were used the agglutination titre was much lower (Table 5A). 
Onderstepoort type serum (titre 1:6,400), also gave a low agglutina¬ 
tion with the “ H 99 antigens of moscow (1:400), senftenberg (1:400), 
rostock (1:200) and derby (1:200) but not with dublin; moscow and 
derby sera also gave a weak flocculation (1:100) with onderstePoort 
type suspension, but senftenberg, derby and dublin sera had no effect 
on it. 
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On performing absorption tests (Table 5A) the specific phase of 
either reading , newfwrt or anatum lowered the titre of onderstepoort 
type serum from 6,400 to 200, while the specific phase of onderstepoort 
was not able to exhaust the type sera of newport and reading com¬ 
pletely. These results show that, although the type factors e.h . of 
reading , newport and anatum are fairly well represented in onderste¬ 
poort, complete absorption could not be effected. Whether this is 
due to the presence or absence of a minor extra factor, or due to the 
existence of a small residue of group agglutinin in the absorbed 
sera, remains to be seen. 

The non-specific phase serum of onderstepoort (titre 1:25,600) 
agglutinated various group antigens up to different titres (Table 6). 
On absorbing onderstepoort group serum with binns or newport (group 
factors 1, 2, 3) the titre for onderstepoort antigen was reduced from 
25,600 to only 12,800, and for the group phases of L2 and anatum 
(group factors 1, 4, 6) the reduction was from 1,600 to 400. L2 and 
to 3,200, removing all group agglutinations for binns as well as for 
L2 and anatum . When this partly absorbed serum was further 
absorbed by monophasic cholerae-suis the titre was further reduced 
to 800. By absorbing unabsorbed onderstepoort group serum with 
cholerae-suis the titre was lowered from 25,600 to 800, and simul¬ 
taneously all the group agglutinations for binns , anatum and L2 were 
exhausted. The group phases of reading and sendai (factors 1, 4, 5) 
also lowered the titre of onderstepoort group serum from 25,600 to 
800. 

These results suggest that the reduction in the titre of onderste¬ 
poort serum effected by the group phases of Irinns and newport was 
caused by their group factor 1; that the reduction produced by L2 
and anatum can be ascribed to their group components 1 and 4; and 
that the almost complete absorption brought about by the non-specific 
phases of cholerae-suis , reading and sendai shold be attributed to 
their group factors 1, 4, 5. It is evident that onderstepoort contains 
group factors 1, 4, 5 and not 2,,3, 6. The unabsorbed agglutinins 
left after absorbing cholerae-suis serum with onderstepoort can be 
ascribed to group factor 3 contained in cholerae-suis; but the presence 
of the residue left after absorbing reading group serum with onder- 
poort cannot be explained, nor is it clear why cholerae-suis , reading 
or sendai failed to exhaust onderstepoort serum completely unless 
onderstepoort contains an extra group factor. 

According to the information recorded above Salmonella onder¬ 
stepoort possesses an “ H ” specific antigen which corresponds largely 
to the factors e.h. of reading , newport and anatum , and it contains 
a non-specific antigen which is very closely related to that of reading 
and paratyphi-C (factors 1, 4, 5). But onderstepoort failed to exhaust 
completely the specific sera of reading , newport and anatum , or the 
non-specific sera of reading or cholerae-suis (European). On the 
other hand, the specific phases of reading , newport or anatum could 
not absorb all the specific agglutinations from onderstepoort type 
serum, while the group phases of reading , paratyphi-C or cholerae- 
suis did not remove all the group agglutinations from onderstepoort 
group serum. It is not quite clear how to explain the residue of 
unabsorbed agglutinins left after these absorptions; it is possible 
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that the specific serum contained a small amount of group agglutinin 
after absorption with organisms in the specific phase, or that the 
specific phase of onderstepoort possesses some factor that is lacking 
in the type factors e.h. of reading , newport and cmatum , or that the 
specific factors e.h . contain some component that is not present m 
the type phase of onderstepoort. 

The “ 0 ” antigen of onderstepoort exhibited characters which 
do not correspond to those that have been described for any other 
member of the Salmonella group of bacteria and the numeral XIV 
has been assigned to this new 44 0 ” factor. 

Kauffmann (1937) would not accept my assignment of specific 
factors e.h. to onderstepoort. He agrees that factor e is common to 
onderstepoort , and organisms like eastbourne , which contain com¬ 
ponents e.h. and he claims to have succeeded in completely exhausting 
the specific agglutinins from onderstepoort serum by means of a 
strain of eastbourne which occurs only in the specific phase, while 
onderstepoort failed to remove all the specific agglutinins from east- 
bourne,. He does not agree, therefore, that onderstepoort contains 
factors e.h. and he assigns specific factor e ... to onderstepoorU 

In my previous paper (Henning, 1930) I made the following 
conclusions:— 44 A new type of Salmonella has been described, which 
it is proposed to name Salmonella onderstepoort. The 4 H ’specific 
antigen corresponds largely to factors e.h. of reading, newport and 
ana turn. Although cross-agglutination io full titre occurred, com¬ 
plete cross-absorption could not be affected. Apparently the specific 
factors e.h. contain some component which is lacking in the type 
phase of onderstepoort , while the specific phase of onderstepoort 
possesses some factor in addition to *?.//.” I proposed the following 
antigenic components for onderstepoort : — 

44 4 0 ’ antigen XTV. 

4 H ’ antigen (specific) e.h. but there is probably some 
small portion of e.h. which is lacking in onderstepoort and 
apparently onderstepoort contains a small addition factor 
which is lacking in e.h. 

4 H ’ antigen (non-specific) 1, 4, 5 plus an additional 
factor which does not occur in S. cholerae-suis, S. anatum or 
Binns 

In view of Kauffmann v s findings I repeated some of the tests 
which I had previously performed with onderstepoort. Unfortunately 
I did not have available a strain of eastbourne which occurs only in 
the type phase, and all the strains of reading , newport and anatum 
of my collection were definitely diphasic. Kven the strains of 
newport var. Kottbus labelled 44 specific phase ” and a strain of 
Chester also labelled 44 specific ” were found to contain both phases. 
I had to rely, therefore, on ray available strains for the tests. 

The results obtained are given in Table 8, and they confirm 
my previous findings. The specific phase of newport var. Kottbus 
reduced the titre of onderstepoort type serum from 3,200 to 200, 
while the type phase of newport lowered it to 400, and anatum var. 
Muenster decreased it to 300. On the other hand, the type phase 
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of onderstepoort reduced the titre of the specific agglutinins of new- 
port var. Kottbus serum from 3,200 to 200, of newport from 2,000 
to 400 and of Muemter from 12,800 to 1,600. Accordingly, the 
specific phase (factors e.h.) of newport and newport var. Kottbus 
could not remove a small residue of agglutinins from onderstepoort 
serum, and onderstepoort failed to exhaust a small residue of 
agglutinins from both newport and newport var. Kottbus sera. 

Table 7. 



Typhi- 

Typhi • 

Typhi- 

murium 

Serum 

234 

234 


Antigen. 

murium 

Serum 

Absorbed 

murium 

Serum 

Absorbed 

Serum 

Absorbed 

by 

Serum 

Absorbed 

by 

Strain 

234. 

234 

Serum 

Un- 

absorbed. 

by 

Typhi. 

murium. 

by 

Strain 

Un- 

absorbed. 

Typhi - 
murium. 


234. 




Typki-murium “O” 

0 

0 

1,000 

0 

0 

800 

Typhi-murium type 

200 

200 

100,000 

0 

0 

6,400 

Typhi-muriumgroup 

100 

100 

50,000 

0 

0 

3,200 

234—“0”. 

0 

0 

1,600 

0 

0 

800 

234—type. 

200 

200 

100,000 

0 

0 

6,400 

234—group-... 

100 

100 

I 

50,000 

0 

0 

3,200 


The specific and non-specific “ H ” agglutinins of typhi-murium could not be completely 
exhausted on account of the high titre of the unabsorbed serum. 

0 = less than 1 : 100. 


Moreover, onderstepoort type antigen was barely agglutinated 
by the serum of abortus-equi (factors &nx) at 11400, while the 
homologous titre was 1:6400; in the same way onderstepoort serum 
just flocculated abortus-equi H ” antigen at 1:200. When 
absorption tests were performed abortus-equi could not appreciably 
reduce the titre of onderstepoort serum and onderstepoort had no 
effect in lowering the titre of abortus-equi serum. Factor e of 
abortus-equi is, therefore, not well represented in onderstepoort. 

It is evident from these results that the specific phases of 
onderstepoort and newport , although not entirely alike, have a great- 
deal in common. The specific phase (factors e.h.) of newport is well 
represented in onderstepoort, and the specific phase of onderstepoort 
has a great deal in common with that of newport. If the component 
shared by onderstepoort and newport is represented by specific factor 
e, then abort/us-equi should be expected to lower the titre of onderste¬ 
poort serum for the type phase of newport. According to Table 8 
abortus-equi failed to reduce the titre of onderstepoort serum for the 
specific phases of both onderstepoort and newport. 

The specific phase of onderstepoort, , therefore, contains a factor 
in addition to the small one which it shares with abortus equi. This 
factor comprises most of the eh of newport , but it does not corres¬ 
pond to the entire eh. 
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The fact that onderstepoort “ 0 ” serum (titre« 6,400) 
agglutinates senftenberg “ 0 ” suspension nearly up to full titre 
(1:3,200) shows that onderstepoort also contains an “ 0 ” factor 
which is present in senftenberg; but, onderstepoort “ 0 ” serum 
barely agglutinates paratyphi-A (factors 1, 11) at 1:100 and it fails 
to agglutinate anatum and London (factors III, X). It can be 
assumed, therefore, that factors II and III which are also contained 
in senftenberg , are either entirely absent or so poorly represented 
in onderstepoort that they can be disregarded. Hence it is probable 
that the additional factor contained in onderstepoort and shared by 
senftenberg is factor XIX of Kauffmann (1937). 

The following antigenic analysis can, therefore, be assigned to 
onderstepoort : — 

0 = XIV, (XIX). 

H.specific=the greater part, but not the whole of eh of 
newport . 

H.non-specific = l, 2, 4, 5. 

The second strain of Salmonella (culture 234) obtained from 
sheep was also tested against various ” O ”, type and group sera. 
It was found to be diphasic and was readily agglutinated by “ O ” 
sera of group B of the the Salmonella Sub-committee, by the type 
serum of typhi-murivm and the group serum of cholerae-svis 
(European). Absorption tests were, therefore, carried out between 
culture 234 and tyPhi-murium (Glasgow) (Table 7). Culture 234 
was first plated on Mason tubes and individual colonies tested for 
type and group phases as described above; type and group antigens 
were prepared from the colonies identified. 

The results of Table 7 show that typhi-murium removed all 
“0” type and group agglutinins from 234 serum, as well as from 
the homologous serum, while culture 234 completely exhausted both 
typhi-murium serum and its o#n serum. Accordingly culture 234 
must be regarded as identical with typhi-mv/rium , and its antigenic 
structure should be made up of the same components, viz. “ 0 ” 
antigen IV, V, “ H ” specific antigen i, “ H ” non-specific antigen 
1, 2, 3. For fermentation reactions see Table 25. 


SALMONELLA INFECTION OF PICS. 

Salmonella infection is fairly common in pigs. Although 
Salmon and Smith’s (1885) interpretation of the significance of 
S. cholerae-suis as an etiological factor of swine fever is no longer 
accepted, there can be no doubt that this organism is an important 
pathogen for pigs and a frequent cause of food-poisoning in man. 
On comparing the hog-cholera bacillus with other members of the 
Salmonella group Smith and Moore (1894) found that it fermented 
dextrose, but no lactose or sucrose ,and that it was highly pathogenic 
for rabbits in very small doses. Kruse (1896) described the hog- 
cholera bacillus under the name of Baculus suipestifer ana, 
according to him, Selander regarded this organism as the cause of 
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Danish swine fever. Preisz (1898) also found Bact . suipestifer patho¬ 
genic for pigs and he incriminated it as the cause of “ Schweine- 
seuche ” (swine-fever) and “ Schweineseptikaemie ” in Germany. 

After Salmon's isolation of the hog-cholera bacillus from the 
blood and internal organs of most of the cases of swine-fever studied 
by him, this organism was universally accepted as the cause of this 
malady until de Schweinitz and Dorset (1904) pointed out that a 
disease indistinguishable from hog-cholera could be readily produced 
by injecting healthy pigs with morbid material and body fluids, that 
had been proved to be free from organisms. Later Dorset, Bolton 
and McBryde (1905) showed that, while hog-cholera could be most 
readily transmitted by means of inoculations of blood and Berum 
from diseased pigs, the use of cultures of the hog-cholera bacillus 
only sometimes produced a disease resembling hog-cholera. Whereas 
pigs infected by means of morbid material from diseased ones could 
easily transmit swine-fever to in-contact pigs, those that were 
infected with culture remained practically innocuous for other pigs. 
They further showed that the causal agent of hog-cholera was 
contained in the filtrates of the blood and body fluids of sick animals, 
and that these filtrates, although entirely free from Bact. cholerae- 
suis , were nevertheless highly infective. They regarded the hog- 
cholera bacillus merely as an accessory factor in the production of 
disease. 

Bainbridge (1908) divided the members of the paratyphoid 
group into four sub-groups, viz. (1) Paratyphtieus-A; (2) Para- 
typhosus-B which was indistinguishable in its cultural charac¬ 
teristics from aertrycke and suipestifer , but which could be 
differentiated by means of absorption tests; (3) aertrycke and 
suipestifer which were regarded as strains of the same organism 
indistinguishable from one another; and (4) enteritidis (Gaertner) 
sub-group easily differentiated from the preceding by means of 
absorption tests. Later Bainbridge (1911) and Bainbridge and 
O'Brien (1912) divided paratyphoid bacteria into two groups of 
separate organisms; the first group they regarded as identical with 
B . suipestifer , and the second similar to Paratyphosus-B. These 
workers used agglutination and absorption tests for their identifica¬ 
tion. The source of Paratyphosus-B was considered to be from cases 
ot paratyphoid fever and carriers, while suipestifer was apparently 
obtained from contaminated food and cases of food-poisoning. Savage 
(1912) on the other hand, like Bainbridge (1908), considered that 
tood-poisoning bacilli of the aertrycke type were indistinguishable 
from suipestifer. 

Dammann and Stedefeder (1910) succeeded in infecting healthy 
pigs either by feeding or by inoculating cultures of B. suipestifer 
and transmitted swine-fever by means of filtered material. Glasser 
(1909) found a type of B. suipestifer as the cause of disease in young 
pigs and called the organism Bac. paratyphi-suis . 

Dammann and Stedefeder described B . suipestifer (Yoldagsen) 
as the cause of a disease in young pigs, resembling swine-fever 
clinically, and known as Ferkel-typhus (suckling pig disease). 
Although Glasser’s bacillus was frequently regarded as identical with 
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the Voldagsen bacillus it is now known that they differ from each 
other in that the former is diphasic, while the latter is monophasic, 
occurring only in the group phase like European cholerae-suis. Both 
of them differ from suipestifer culturally; but serologically Gldsser 
is indistinguishable from the American variety, whereas voldagsen 
resembles the European type. 

Jordan (1917), basing his division on the study of recently 
isolated strains, also divided paratyphoid organisms into foui 
groups: — 

(1) Paratyphosus-A which fermented arabinose rapidly and 
dulcite slowly, xylose being left unaltered; litmus milk was turned 
alkaline only after some time. 

(2) Paratyphosus-B which rapidly fermented arabinose, dulcite 
and xylose, and turned litmus milk alkaline in a very short period. 

(3) Suipestifer which fermented xylose rapidly, but arabinose 
and dulcite slowly or not at all, i.e. not sooner than after 24 hours 
incubation. 

(4) Enteritidis which was indistinguishable from the Paraty - 
phosus-B group culturally but not serologically. 

Jordan and Viet orson (1917) used r lead acetate agar for the 
differentiation of the types of paratyphoid bacilli. All enteritidis 
strains and most Paratyphosus-B strains were found to blacken this 
medium, while all their suipestifer strains and typical Paratyphosus- 
A failed to do so. According to Bruce White (1926) Schutze found 
that the Hirschfeld bacillus and European suipestifer could be dis¬ 
tinguished from the American variety by the fact that they readily 
blackened lead acetate. 

In the course of an investigation of swine-fever Uhlenhuth and 
Hubener (1909) encountered a bacterium which they called Paraty- 
phosus-C bacillus. They found # that culturally it was indistinguish¬ 
able from B . suipestifer , but that it was not agglutinated by either 
suipestifer or Gaertner serum, while its own serum was without effect 
on the hog-cholera bacillus. They claimed to have isolated this 
bacterium from the organs of swine-fever pigs, from sausages and 
from human, pig and calf excreta, and regarded it as similar to the 
organism concerned with calf dysentery. Heimann (1912) isolated 
a strain of the so-called paratyphosuihC bacillus from cases of food¬ 
poisoning at Hildesheim, following the consumption of infected pork 
obtained, from emergency-slaughtered pigs, but Andrewes and Neave 
(1921) did not regard the tests employed by Heimann as sufficiently 
reliable for the recognition of the organisms. Bruce White (1926), 
on the other hand, identified some of the Hildesheim strains as 
European hog-cholera bacilli. 

During the Great War, and subsequently, several closely related 
organisms were isolated from cases of paratyphoid fever, especially 
in Eastern Europe. In 1915 Neukirk (1918) encountered an outbreak 
of disease in the Turkish armv and called the causal organism 
Erzindjan bacillus . Subsequently several other workers observed a 
similar type of organism in different localities. Weil and Saxl (1917) 
isolated them from a number of Russian prisoners suffering from 
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paratyphoid (Walhynian strain). Weil studied another type from 
Albania, while Dienes and Wagner (1918),* on investigating an out¬ 
break of disease among a group of Russian prisoners, encountered 
several strains which were agglutinated by Voldagsen serum. They 
regarded their organism as identical with Weil's strain, Neukirk's 
erzindjan strain and Uhlenhuth's paratyphosus*C bacillus. Hirschfeld 
(1919) also investigated an enteric-like disease in the Serbian army 
and called the causal organism Bacillus paratyphosus-C , in flagrant 
disregard of the original usage of this term by Uhlenhuth and 
Hubener (1909). Mackie and Bowen (1919) and Macadam (1919) 
observed a similar type of organism in Mesopotamia, while Garrow 
(1920) found it in East Africa. Schutze (1920, 1921) identified an 
organism isolated in India in 1914 as paratyphosus-C and divided the 
Salmonella group of organisms into two sub-groups:—(1) Enteritidis 
(Gaertner) and (2) Paraiyphosus-B. He further divided the latter 
into four serological types, viz. Schottmuller, mutton, Hirschfeld and 
hog-cholera bacilli. In his mutton type he included the bacillus of 
swine typhus or animal paratyphosus-B (typhi-umrium ). 

By means of agglutination and absorption tests Bruce White 
(1926) showed that the Hirschfeld strain and Weil's Albanian strain 
were identical diphasic organisms, while one of the cultures described 
by Weil and Saxl proved to be a typical newport strain. The 
erzindjan strain of Neukirk was also found to be a true Hirschfeld 
bacillus. 

Tenbroeck (1920 a and b) regarded Hirschfeld’s bacillus as 
serologically identical with the American hog-cholera bacillus, but 
different culturally; whereas the former fermented dulcite and 
arabinose and produced hydrogen sulphide, the latter failed to do 
so. Unlike the hog-cholera bacillus Hirschfeld’s organism did not 
prove to be very pathogenic for rabbits. When these animals were 
first injected with live Hirschfeld bacilli they were resistant to 
subsequent inoculations of virulent chiolerae-suis. Tenbroeck placed 
far more reliance on serological tests than on biochemical reactions, 
and on account of its serum reactions he placed the Hirschfeld 
bacillus in the hog-cholera group. 

Andrew’es and Neave (1921) noticed that the Glasser and Vol¬ 
dagsen strains resembled each other culturally but not serologically; 
Voldagsen serum was completely exhausted of all agglutinins by 
Glasser, while the specific agglutinins present in Glasser serum were 
almost entirely unaffected by saturation with Voldagsen. Glasser 
and Voldagsen did not produce much hydrogen sulphide, whereas 
this gas was readily formed by (European) suipestifer and paraty - 
phosus-C of Hirschfeld . Andrewes and Neave divided the hog- 
cholera group of organisms into two sub-groups: — 

Group 1 comprising American suipestifer , Glasser's typhi-suis 
and Hirschfeld’s paratyphosus-C, while group 2 was composed of 
European suipestifer and the Voldagsen strain. They showed that 
any member of group 1 could exhaust all agglutinins from the 
serum of any member of group 2, while group 2 strains could not 
materially reduce the titre of the sera of group 1 strains for members 
of group 1, although the sera were completely exhausted for the 
members of group 2. 
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The various porcine strains of Salmonella of the hog-cholera 
type and those closely related human strains to which, regardless of 
its original usage, the term Bacillus paratyphosus-C is frequently 
applied, form a group of organisms with very close serological 
affinities. Although different workers have contributed towards the 
study of the composition of this group it was Bruce White (1926) 
who finally divided the members into four well-defined types: — 

1. Eastern or Hirschfeld bacillus. 

2. American hog-cholera bacillus. 

3. European hog-cholera bacillus. 

4. Gl(isser-Voldagsen (Ferkeltyphus) bacillus. 

The differential features of these organisms were described by 
Bruce White (1926) and by Nabarro, White, Dyke and Scott (1929). 
The specific phases of the diphasic members of the group, viz. 
Hirschfeld bacillus, American hog-cholera bacillus, and the Ferkel¬ 
typhus bacillus (Glasser strain) are indistinguishable; the non¬ 
specific phases of the last two are identical, while the European 
hog-cholera bacillus and the Voldagsen strain differ from them only 
in so far as they lack any trace of specific phase antigen. The 
Hirschfeld bacillus differs from all these by the deficiency of its non¬ 
specific phase in some of the antigenic components. They all differ 
from each other biochemically. The Hirschfeld bacillus ferments 
mannite, dulcite, arabinose, but not rhamnose; the hog-cholera 
bacillus (both European and American) ferments mannite and 
rhamnose, but not dulcite and arabinose; while the Ferkel-typhus 
strains (Glasser-Voldagsen) ferment only arabinose and rhamnose. 
All strains, excepting the American hog-cholera bacillus, produce 
hydrogen sulphide. Recently Bruner and Edwards (1939b) have 
shown that a specific phase may be obtained from monophasic Euro¬ 
pean cholerae-suis. 

Tenbroeck (1920 a and b) 'expressed his surprise at the com¬ 
parative infrequency of paratyphoid in man caused by the hog- 
cholera bacillus, while Savage and Bruce White (1925) also remarked 
upon the rarity of suipestifer food-poisoning in man. They con¬ 
sidered that the slight virulence of the organism for man and the 
massive doses required for setting up an infection are responsible 
for the low incidence of the disease. According to Kriiger (1932b), 
it was declared by Uhlenhuth (1926), at a meetihg of the German 
Society of Microbiology, ^ that suipestifer bacilli could not be 
regarded as very pathogenic for man; and it was stated by Ostertag 
that, although thousands of swine-fever pigs were slaughtered for 
human consumption, mass infection of man did not occur. Kruger 
considered that suipestifer frequently lives as a saprophyte in the 
human body, setting up an infection only when the resistance has 
been lowered by conditions like appendicitis. Nevertheless, 
Salmonella infection of porcine origin has been known to cause 
serious disease in man. Indeed, the number of human cases of 
infection with 'cholerae-suis recorded during recent years cannot be 
treated as insignificant. Apart from the number of outbreaks of 
paratyphoid fever in man in Eastern Europe, due to the Hirschfeld 
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bacillus, several cases are reported from time to time where the hog- 
cholera bacillus has been incriminated as the cause of the disease. 
Krumwiede, Provost and Cooper (1922) recorded an outbreak of 
paratyphoid fever in four members of a family after eating tapioca 
pudding. One of the patients died and S. cholerae-suis was isolated 
from the liver. It was thought that the source of the infection was 
pork that contaminated the pudding. Scott (1926) described four 
outbreaks of infection due to the European hog-cholera bacillus, 
involving over a hundred persons. In all the cases the source of 
the infection was traced to prepared meats. A fatal case of 
septicaemia in man caused by “ Bacillus (< Salmonella) .mipestifer ” 
(America) and resembling typhoid fever was studied by Bauer and 
McLintock (1929), while two cases of human infection with the 
America hog-cholera bacillus were reported by Nabarro, Bruce 
White, Dyke and Scott (1929). Another case of American 
suipestifer causing disease in man in England was described by 
Boycott and McNee (1936); the organisms were obtained from blood 
culture, but although they were diphasic they resembled the Euro¬ 
pean type culturally. 

Clayton, Milne and Menton (1930) recorded an outbreak of 
acute gastro-enteritis in eight persons following the ingestion of 
pork pie. Three of the cases ended fatally; from the intestines of 
these patients as well as from the stools of the other five, American 
suipestifer was isolated. Another case of cholerae-suis infection 
of man was described by Branham, Motyca and Devine (1930). 
Kuttner and Zepp (1932, 1933) reported eleven cases of suipestifer 
infection, mostly in children. Of these ten were due to the Euro¬ 
pean variety, and only one was caused by the American type; 
Bad. suipestifer was obtained by blood culture from all the patients 
All the cases recovered excepting one which ended fatally. 

In Germany Kobe (1930) described two strains of suipestifer 
obtained from cases of meat-poisoning following the ingestion of 
pork. The patients showed symptoms of septicaemia with gastro¬ 
enteritis, as in typhoid fever. Kruger (1932a) reviewed several 
outbreaks of paratyphoid fever in which Bad. suipestifer was 
incriminated as the causal agent. 

Giglioli (1930) studied a number of cases of quinine resistant 
fever in British Guiana and found Hirschfeld bacillus in 72 out 
the 77 patients examined. The organisms isolated corresponded both 
culturally and serologically with Hirschfeld’s bacillus. More 
recently D’Hooghe (1932) and Mattlet (1932) described a number 
of fatal cases of paratyphoid fever in the Belgian Congo where they 
incriminated Hirschfeld’s bacillus as the cause, while Tenbroeck, 
Li and Yii (1931) recorded five cases of infection in man caused 
by the same organism in Peiping (China). Materna and Januschke 
(1925) incriminated cholerarsuis as the cause of purulent meningitis 
in a man, while Ravitch and Washington (1937) described several 
cases of suipestifer septicaemia in Negro children. 

In South Africa Greenfield and Judd (1936) and Henning and 
Greenfield (1937) have described an outbreak of food-poisoning 
following the ingestion of pork infected with S . bovis^morbificans 
(Basenau). 
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The organism was originally described by Greenfield and Judd 
(1936) as a new Salmonella—suivestifer var. Afri. Aust. But later 
Henning and Greenfield (1937) snowed that it is not distinguishable 
from bovis-morbificans. Basenau. Cultures of the organism were 
tested against various “ 0 " and “ H ” sera. These were aggluti¬ 
nated by “ 0 ” sera of organisms containing factors YI and VIII 
of the Kauffmann-White schema, by group sera and by the type 
sera of heidelberg and bovis-morbificans. The organism was, 
therefore, regarded as diphasic. 

A culture was plated so as to yield several well-separated 
colonies after 24 hours incubation; a number of fresh colonies were 
picked into broth and incubated for 5 to 6 hours at 37° C. The 
cultures obtained were tested against a pure group serum, e.g. 
Kunzendorf serum, and also against the type sera of heidelberg 
and bovis-morbificans. The colonies that occurred in the group 
phase agglutinated with Kunzendorf serum, while those that 
occurred in the type phase were flocculated only by heidelberg and 
bovis-morbificans sera. Group, type and “ 0 ” suspensions were 
r»ow prepared and tested against a number of sera (Table 9). It 
will be noticed that heidelberg serum agglutinated both the group 
and type antigens, but not the “ 0 ” antigen, that kunzendorf 
flocculated the group antigen, but neither the type nor the “ 0 ” 
antigen, and that bovis-morbificans serum agglutinated all three 
antigens up to a very high titre. 

After suitable antisera were prepared against Afri. Aust. 
absorption tests were performed (Table 9). On absorbing Afri. 
Aust. serum with heidelberg all agglutinins, for the type phases of 
both heidelberg and Afri. Aust. were exhausted, but there was 
hardly any reduction of the group agglutinins (from 6,400 to 3,200), 
and all the “ 0 ” agglutinins remained. When this partly absorbed 
serum was re-absorbed by Kunzendorf a marked reduction of group 
agglutinins (from 3,200 to 400) was effected, but the “ 0 '* titre 
remained unaltered; Kunzendorf also reduced the group titre of 
unabsorbed Afri . Aust. serum from 6,400 to 400, but it had no 
ecect on the type agglutinins. On the other hand, Afri. Aust. 
removed all the type, but very little of the group agglutinins from 
heidelberg serum, and it did not reduce the “ 0 ’ titre. Moreover, 
Afri. Aust. absorbed most of the group agglutinins (from 3,200 to 
200) from Kunzendorf serum without reducing its “ O ” titre 
appreciably. 

On absorbing bovis-morbificans serum with. Afri. Aust. and 
Afri. Aust. serum with bovis-morbificans all the type, group and 
u O ” agglutinins for both organisms were completely exhausted. 

It will be observed that Kunzendorf did not completely exhaust 
the group agglutinins from Afri. Aust. serum and that Afri. Aust. 
failed to remove all the group agglutinins from Kunzendorf serum. 
This occurrence cannot be explained as Afri. Aust. ana bovis- 
morbificans have the same group antigenic factors, and, according 
to the Kauffmann-White schema, the group antigens of Kunzendorf 
and bovis-morbificans are identical. There was barely any “ O ” 
agglutination between Afri. Aust. and Kunzendorf , indicating that 
the somatic factor VI of Kunzendorf is either absent or poorly 
represented in Afri. Aust. 
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These results clearly show that S. snipestifer var. Afri. Aust. 
of Greenfield and Judd has the same type antigen as heidelberg and 
bovis-morbihcans (factor r) and a group antigen that corresponds 
largely with that of Kunzendorf and entirely with thar Sf bovis- 
morbificans (factors 1, 3, 4, 5), while its somatic “ 0 ” antigen 
resembles that of bovis-morbificans (factors VI, VIII). Moreover, 
since Afri. Aust . removes all agglutinins, type, group and “ 0 ”, 
from bovis-morbificans serum, and bovis-morbificans exhausts all 
agglutinins from Afri. Aust. serum there can be no doubt that the 
two organisms are identical. 


Table 10. 


Antigen. 

Typhi- 

murium 

s.a.b. 

Typhi- 

murium 

s.a.b. 

192. 

192 
s.a.b. 
Typhi- 
murium . 


Typhi- 

murium 

B. 

192 b. 
Unab 

Typhi- 

murium. 

192. 

Unab- 

sorbed. 

sorbed. 

Typhi-murium “ O ”. 

0 

0 

0 

0 

800 

1,600 

Typhi-murium “ H ” type. 

100 

100 

0 

0 

100,000 

6,400 

Typhi-murium “ H ” group. 

0 

0 

0 

0 J 

25,000 

3,200 

102—“O”. 

0 

0 

0 

i 

0 

800 

1,600 

192—“H” type. 

100 

100 

0 

0 

100,000 

6,400 

192 — “ H ” group . 

0 

0 

0 

0 

25,000 

6,400 


0 = less than 1:100 ; 8. = serum ; a.b. — absorbed by. The ** H ” type titer of 
typhi-murium was so high (1:100,000) that it was impossible to remove a small residue 
(1:100) of the agglutinin. 


The only other record of a Salmonella obtained from a pig is 
that of Robinson and Martinaglia (1932) when they described an 
organism isolated from a pig at Onderstepoort. A description of 
the antigenic structure of this organism, strain 192, was not 
attempted by them, hut its antigenic analysis was subsequently 
performed by me (Table 10). It was noticed that strain 192 was 
agglutinated far better by typhi-murium than by cholerae-suis 
serum. The agglutination obtained with the latter serum was purely 
floecular, Avhile with the former the agglutination was both granular 
and floecular, suggesting the existence of a closer relationship 
between strain 192 and typhi-murium than between it and cholerae- 
suis. Moreover, strain 192 was found to be diphasic; its type phase 
colonies were agglutinated by typhi-murium type serum, while the 
group phase colonies were flocculated by both typhi-murium and 
cholerae-suis group sera. Accordingly agglutination and absorption 
tests were performed as shown in Table 10, mixed " O ” and “ H ” 
type and group sera being used for the tests. The results show that 
typhi-murium removed all agglutinins (“ 0 ”, “ H ” type and 
“ H ” group) from 192 serum aB well as from the homologous serum; 
culture 192 also completely exhausted both typhi-murium serum and 
its own serum. Accordingly it was evident that culture 192 and 
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typhumurium were composed of the same antigenic structure, and 
that they both contained the following antigenic factors of the 
kauffmann-White schema:— “ 0 99 IY, V, “ H ” specific i, “ H 99 
non-specific 1, 2, 3. 

In 1933 Dr. Robinson and myself isolated another strain of 
Salmonella ( culture 168) from the blood of pigs suffering from a 
septicaemic disease in the Cape Province. This organism was readily 
agglutinated by cholerae-suis serum and was found to occur entirely 
in the group phase. Accordingly, absorption tests were conducted as 
shown m Table 11. 

The results show that culture 168 removed all agglutinins from 
cholerea-suis (European) serum as well as from the homologous serum, 
and that cholerae-suis (European) exhausted both 168 serum and itn 
serum. Absorption tests were also carried out with the diphasic 
American hog-cholera bacillus and its serum. It was found that 
culture 168, while completely removing all the “ 0 99 and group 
agglutinins from cholerae-suis serum, left the “ H ” specific titre 
almost unaltered. On the other hand cholerae-suis (America) 
completely exhausted all the agglutinins (“ 0 99 and “ H 99 non¬ 
specific) from 168 serum. The results, therefore, showed that 
culture 168 was devoid of an “ H 99 specific antigen and that 
it contained the same antigenic components as cholerae-suis 
(European), viz. the following factors of the Kauffmann-White 
scheme: —“ 0 ”, VI, VII. “ H ” non-specific 1, 3, 4, 5. “ H ” 

specific nil. 

Six other strains, cultures 365, 380, 381, 382, 383, 384, isolated 
from the blood of pigs during an outbreak of swine fever in the 
Transvaal were also studied serologically. With strain 365 complete 
mirror absorption tests were carried out as in the case of culture 168 
(Table 11) and exactly similar results were obtained. With the other 
five strains one-sided absorption tests were performed, using both 
European and American hog-cholera sera. Whereas all the 
agglutinins (“ 0 ” and “ H ” non-specific) were removed from 
European hog-cholera serum, the “ H 99 specific agglutinins of the 
American suipestifer serum were unabsorbed. All six strains were 
found to be monophasic. 

These results, therefore, clearly show that strains 365, 380, 381, 
382, 383, 384 resemble cholerae-suis (European) antigenically, 
containing the same antigenic factors assigned to strain 168. 

For fermentation tests see Table 25. 

Murray (1934) cites several different workers who have isolated 
cholerae-suis from the faeces of a small percentage of apparently 
healthy pigs. He states, however, that he has been unable to 
demonstrate the presence of suipestifer in normal pigs. 

SALMONELLA INFECTION OF EQUINES. 

In horses infection with S . ahortus-equi is undoubtedly the most 
common disease caused by the genus Salmonella . More than forty 
years ago Eilbome (1893) and Smith (1893) studied an outbreak of 
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abortions in mares and isolated a non-lactose fermenting organism 
of the hog-cholera group from the vaginal discharges of the affected 
animals. This organism was found to be pathogenic for rabbits and 
was regarded as the cause of the abortions; on cultivation it formed 
a membranous growth with wrinkled edges on the agar. 

Subsequently several different workers investigated outbreaks of 
infectious absortion in mares caused ostensibly by the same bacterium 
studied by Kilbome and Smith. Good and Corbett (1913) studied 
a very serious epizootic in Kentucky due to organisms of the 
enteritidis hog-cholera group, which produced nearly 100 per cent, 
abortions. Intravenous inoculations of cultures of this organism 
caused abortions in mares within 10 days. About the same time 
Meyer and Boerner (1913), de Jong (1913), Dassonville and Riviere 
(1913), van Heelsbergen (1914) and Schofield (1914) also described 
epizootics of abortion in mares due to Bact. abortus-equi. 
Later MacFadyean and Edwards (1917) discussed the relationship 
of infectious abortion in mares and joint-ill in foals, while Miessner 
and Berge (1917) and Murray (1919) also incriminated abortus-equi 
as the etiological agent of outbreaks of abortion in mares. 

Apart from causing abortions in equines this organism has been 
found responsible for pyaeraic arthritis, joint-ill, abscessation and 
tendo-vaginitis. While studying the etiology of infectious arthritis 
in colts in America, Good and Smith (1914) isolated from the pus 
of the joints a bacterium which resembled the causal agent of 
infectious abortion in mares; but from the affected synovia of one 
foal they obtained streptococci only. In the outbreaks of pyaemic 
arthritis in foals investigated by Schofield (1914) Gram-negative 
bacteria were isolated in pure culture from the synovia of the affected 
joints—in a few cases only, the culture yielded a mixed growth of 
Gram-negative bacteria and streptococci. The former were regarded 
as closely related to the bacterium of contagious abortion in mares. 
In Germany Miessner and Berge (1917) ascribed the cause of a severe 
epizootic of abortion in a stud^ to a Paratyphoid organism, which 
was isolated from the stomach and intestines of dead foetuses; they 
pointed out that the majority of the foals which were born alive on 
the affected farm developed joint-ill, but streptococci were regarded 
as the most important etiological agent, paratyphoid organisms being 
obtained from only one case. In a comprehensive study of contagious 
abortion in mares and joint-ill in foals, MacFadyean and Edwards 
(1917) found Bact . abortus-equi as the most common cause of the 
two diseases. They isolated this organism from the heart-blood and 
internal organs of several of the aborted foetuses, and also from the 
joints of a number of foals affected with joint-ill. Some of the 
horses that were immunised with abortus-equi for the purpose of 
serum production developed arthritis. Magnusson (1919) on the 
other hand, considered an organism, which he called Bact. viscosum 
equiy as the most common cause of joint-ill in foals. 

In South Africa Martinaglia (1929) described several cases of 
tendo-vaginitis in adult horses due to abortus-equi following horse- 
sickness immunisation. Out of twelve cases studied in 1922, nine 
yielded pure cultures of abortus-equi 9 while in the remaining three 
a mixed infection of this organism and a streptococcus was found. 
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One animal, a stallion, was affected with orchitis due to abortus-equi. 
In 1925 a similar condition appeared in mules, also after immunisa¬ 
tion against horsesickness. 

Seymour (1936) also incriminated abortus-equi as the cause of 
an outbreak of pyosepticaemia in foals, while Fujimura and Hoshi 
(1936) described outbreaks of contagious abortion and cases of absces- 
sation in equines due to this organism. Moreover, they reported a 
case of abortus-equi infection in man. 

Although the antigenic structure of the organism incriminated 
in these outbreaks is not clearly given, there seems to be very little 
doubt that abortus-equi , or a very closely related bacterium, was 
responsible for most of the cases. The strains isolated by Martinaglia 
were described as actively motile; but only one of these, culture 219, 
was kept. When this strain was finally received by me it was found 
to have lost, all its properties of motility. After preparing antisera, 
agglutination and absorption tests were performed with this organism 
and abortus-equi TF//2. The results of these tests showed conclusively 
that culture 219 and abortus-equi WH 2 had the same somatic 
antigen; culture 219 removed all the ** 0 99 agglutinins * from 
abortus-equi WH2 serum as well as from the homologous serum, while 
antigen; culture 219 removed all the “ 0 ” agglutinins from 
both sera. As culture 219 was non-motile its serum was devoid of 
“ H ” agglutinins and it left the “ H ” agglutinins of abortus-equi 
WII2 serum unaltered. 

Apart from abortus-equi infection, other types of Salmonella are 
sometimes responsible for outbreaks of disease in solipeds. Thus, 
Moulin and Amichau (1918), Combes (1918) and Urbain, Stocanne 
and Ohaillot (1929) described epizootics in horses due to paratyphoid 
bacilli. Graham, Reynolds and Hill (1919) studied a virulent out¬ 
break in a shipment of horses and mules due to ententidis . Meissner 
incriminated typhi-muriurn as the cause of a disease in foals and 
obtained this organism as well as abortus-equi from mares that had 
aborted. Moreover, Lutje (1930) isolated both enteritidis and typhi - 
murium from equines affected with abortion, and he obtained enteri¬ 
tidis from foals exposed to infection with calves. Standfuss (1925) 
and Lehr (1928) isolated paratyphoid organisms from horses that 
were slaughtered in emergency. Other workers like Baumann and 
Gratzl (1931) and Arnberger (1931) described outbreaks of gastro¬ 
enteritis in horses due to typhi-muriurn , while Edwards (1934) inves¬ 
tigated an epizootic of infectious colitis in 3 to 7 months old foals 
caused by the same organism. Cernozubov, Pilipovie and Stavel 
(1937) claim to have isolated five strains of typhi-muriurn and four of 
paratyphi-B from diseases in horses. 

But apart from causing diseases in equines Salmonella infection 
of horses may lead to serious outbreaks of food-poisoning in countries 
where horse flesh is used for human food. Thus, during the Great 
War and the years immediately following more than 25 per cent, of 
all outbreaks of meat-poisoning in Germany were traced to horse 
meat, on the other hand, the incidence of gastro-enteritis from this 
source has been very low during recent years (Meyer 1934, 1936). In 
1923, Meyer recorded 19 outbreaks and in 1932 only one that could 
be ascribed to this cause. Kuppelmayr (1924) described 47 outbreaks 
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of food-poisoning, involving 5,440 cases and causing 63 deaths, all 
traced to the consumption of infected horse meat. Elkeles (1925) 
recorded 61 outbreaks of meat-poisoning in Germany during 1923, 
involving 3,093 persons and causing 20 deaths; the majority of these 
cases were due to horse-meat. Glage (1916) studied an epizootic of 
food-poisoning due to horse-meat; 392 persons were affected and 
there were 2 deaths. Organisms of the paratyphus-B group were 
isolated from the suspected meat and from the stools of the patients. 
Infection of man following the consumption of horse-meat was also 
described by Muller (1921). Clarenburg (1931) described two out¬ 
breaks of food-poisoning in Holland where the cause of infection was 
horse-meat. Uhlenhuth (1925) isolated typhi-murium from patients 
who were suffering from acute gastro-enteritis following the con¬ 
sumption of horse-meat, while Kauffmann and Silberstein (1934) 
obtained anatum var. Muenster from a person who had developed 
food-poisoning after a meal containing raw horse-meat. Several 
other outbreaks of Salmonella food-poisoning in man resulting from 
the ingestion of horse-meat has been studied in the Reichsgesund- 
heitsamt in Germany. Many of these have followed the consumption 
of meat from animals slaughtered in emergency. 

Recently my colleague, Mr. R. Clark, investigated an outbreak 
of purulent arthritis in foals in the Orange Free State (Henning and 
Clark, 1938). He obtained pus from the affected joints of one foal 
and made cultures on agar slants; the growths obtained were sub¬ 
mitted to me for identification. These were plated on MacConkey’s 
bile-salt agar and yielded pure cultures of a non-lactose fermenting 
bacterium which looked like a salmonella . Several of the single 
colonies obtained were tested against various “ 0 ”, type and group 
sera. They were all agglutinated by the ” 0 ” sera of group B of 
the Kauffmann-White schema, and it was at first thought that the 
organism was probably abortus-equi. But, on further testing, it was 
found that some of the colonies were agglutinated by typhi-murium 
type serum, while others were flocculated by a pure group serum, like 
that of cholerea-suis var. Kunzebdorf. The organism ( culture 478) 
therefore was diphasic. Accordingly, antisera were prepared against 
it for the purposes of carrying out agglutination and absorption tests. 

These tests (Table 12) show that typhi-murium removes all 
“ 0 ”, “ H ’’-type and “ H- ’’-group agglutinins from 478 serum, 
while 478, although completely exhausting the ” H ” agglutinins 
froh tyPhi-murium serum, reduced the “ 0 ” titre of the serum from 
800 to approximately 200. Culture 478 also absorbed all the type and 
group agglutinins from aberdeen serum without altering the ” O ” 
titre, and aberdeen exhausted all the “ H ” agglutinins from 478 
serum, but failed to redule its ” O ” agglutinin content. On the 
other hand, culture 478 removed all the agglutinins (” 0 ”, type and 
group) from both storrs and Copenhagen sera, while both storrs and 
Copenhagen completely exhausted 478 serum. The results of these 
tests, therefore, showed that culture 478 is identical with Salmonella 
typhi-murium var. storrs (Edwards, 1935), or S . typhi-murium var. 
Copenhagen (Kauffman, 1934), containing the following antigenic 
formula:—” O ” IY, “ H ’’-specific i, “ H ’’-non-specific 1, 2, 3. 
The fermentation reactions of culture 478 are givenbelow (Table 25). 
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Strains of Salmonella typhi-murium devoid of “ 0 ” factor Y 
were first described by Landsteiner and Levine (1932) when they 
studied the Binns strain of Schutze. Later Kauffmann (1935a) 
recorded 16 variants of typhi-murium which contained “ 0 ” factor 
IV, but not factor V, and he called these variants typhi-murium var. 
Copenhagen. About the same time Jungherr and Wilcox (1934) 
obtained from pigeons a strain of typhi-murium which reacted 
atypically with maltose; an antigenic analysis of this organism made 
by Edwards (1935) showed that it is lacking in “ 0 99 factor V. 
Edwards called the variant typhi-murium var. Storrs. Hohn and 
Hermann (1937) also recorded an outbreak of disease in pigeons due 
to the IV-variant of typhi-murium , while Hoffmann and Edwards 
(1937) studied an infection in rabbits caused by the same type of 
organism. Moreover, several cases of infection in man due to strains 
of typhi-murium devoid of “ 0 ” factor Y have been described by 
Zahn (1935). 

Both Edwards and Kauffmann found that the IV-variants 
exhibited biochemical reactions that are not typical for typhi-murium 
and that strains from different localities did not always react in the 
same way. 

Edwards (1938) points out that all the recorded outbreaks of 
disease due to IV-variants of typhi-murium* have occurred in man, 
pigeons and rabbits; no IV-variants were found among typhi-murium 
cultures obtained from horses, sheep, guinea-pigs, rats, mice, turkeys, 
chickens, ducks and canaries. The strain of typhi-murium var. 
Copenhagen (Storrs) described by me is, therefore, the first record of 
this organism obtained from a horse. 


SALMONELLA INFECTION OF BIRDS. 


Infection of birds with different types of Salmonella is much 
more varied and widespread than in mammals, and the losses 
sustained through this group of organisms are probably far greater 
than those resulting from any other cause. Epizootics in fowls 
due to S. gallinarum are extremely common in some countries; in 
South Africa, fowl typhoid is without doubt the most serious 
infectious disease of fowls, while in Europe and America Pullorum 
disease seems to be more important. Epizootics due to Salmonellas 
other than gallinarum and pullorum y although less common, may 
nevertheless be responsible for serious losses in all species of domestic 
birds. It is with a discussion of these diseases that this part of my 
paper is chiefly concerned. Although relatively few outbreaks of para- 

S )hiod in pigeons, ducks and geese have been recorded in South 
rica, my discussion will not be complete unless the literature 
relating to disease in these birds is duly reviewed. Moreover, 
Salmonella infection, other than that due to gallinarum and 
pullorum occurs apparently more frequently in them than in 
gallinaceous birds. The extensive literature relating to fowl typhoid 
and pullorum disease is not discussed in this paper; it has been fully 
reviewed by a number of different workers. 
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Salmonella infection is most common, and also most serious, 
in very young birds. Adult birds usually suffer from a chronic form 
of the disease with lesions in the ovary, testes, joints, liver and 
spleen; whereas in young birds septicaemia and enteritis with 
ehiwiges in the internal organs are more frequently observed. The 
infection may be the cause of serious losses in the affected flocks and 
of food-poisoning in man, either through the medium of infected 
meat or eggs. Several different species of birds may be affected, and 
a number of different types of Salmonella have been incriminated 
as etiological agents. 

In a recent review Schaaf (1936) mentioned typhi-murium , 
enteritidis , anatum , cholera-suis and abortus-equi as the causes of 
paratyphoid in birds; while Edwards (1936, 1937) has found 
oranienburg as the cause of an infection in quail and Senftenberg 
responsible for a disease in turkeys. Recently I have recorded an 
outbreak in chickens due to Salmonella amersfoort (Henning, 1937). 
Typhi-murium seems to be the most common cause, with enteritidis 
next in importance; the other organisms are only rarely found. 

Natural infection usually occurs by means of foods or water 
contaminated with the excreta of infected animals or birds; but 
transmission may also take place through the medium of the egg 
which has obtained the infection in the ovary or oviduct, or which 
has been contaminated by means of infected faeces. Sometimes the 
embryo is dead in the shell as a result of the infection, but generally 
the newly hatched birds develop the disease during the first few 
days of life. There are several predispuwfrig factors like bad 
hygiene, improper feeding and infestation by* parasites which favour 
infection; the dirty habits of water birds, probably account for the 
frequency of paratyphoid in ducks and geese, as well as the number 
of outbreaks of food-poisoning that result from the ingestion of 
food-stuffs containing their eggs or meat as ingredients. 

Lerche (1936) considers that 5*7 per cent, of the duck eggs sold 
in Germany are infected with Salmonellas. Frequently the shell 
is contaminated with infected faeces and under favourable conditions 
the organisms penetrate from the shell into the interior of the egg; 
but although tne yolk is an excellent culture medium, the albumen 
of the fresh egg is strongly bactericidal (Lachtschenko, 1909, 
Rettger and Sperry, 1912, and Scott, 1930). This germicidal action, 
however, deteriorates when the egg becomes stale,and when it is 
exposed to warm, moist weather for more than two weeks, the 
organisms may penetrate into the interior and increase in number; 
this increase occurs only when some yolk has diffused into the 
albumen. The most dangerous source of infection is food which 
contains duck eggs as an ingredient, and in which the organisms 
can readily multiply, e.g. creams, custards, puddings and “ Hack- 
fleisch ” that have not been sufficiently heated during the prepara¬ 
tion; mayonnaise is too acid for bacterial growth ana is, therefore, 
leftS' dangerous. The danger of eating duck eggs in the raw state is 
obvious, but even frying or boiling may not be sufficient to kill the 
organisms. Lerche (1936) considers that after 5 minutes boiling the 
temperature of the yolk of a duck’s egg may not be much more than 
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40° C., while Bruns and Fromme (1934) state that after boiling 
an egg in the shell for 3£ minutes the temperature in the interior 
is only 28° C., but after 5 minutes boiling it rises to about 65° C. 

(1) Pigeons. 

The first record of a disease in birds caused by a Salmonella is 
given by Moore (1895) in his description of a severe epizootic in 
pigeons due to a bacillus of the hog-cholera group. The organism 
was recovered from the heart-blood and internal organs of affected 
birds. Salmon (1904) also described a rapidly fatal disease in 
pigeons, due to an organism of the “ enteritidis group Another 
outbreak of pigeon paratyphoid was described by Zingle (1914), 
when he investigated a mortality among military birds at Strassburg. 
Organisms of the Paratyphoid-B group (typhi-rnurium P-) were 
obtained in pure culture from the heart-blood and organs of diseased 
birds, but it was not quite clear whether this infection was primary 
or secondary as the birds were affected simultaneously with pigeon- 
pox. The invasion of the body by paratyphoid organisms under 
certain abnormal conditions is explained by Cash and Doan (1931). 
They have found that latent infections with typhi-murium become 
seemingly active under adverse conditions. 

Subsequently several other workers described outbreaks of 
Salmonella infection in pigeons. Thus, Reitsma (1924) studied an 
epizootic in Holland, as a result of which the pigeons developed an 
ulcerative enteritis and became very much emaciated; a pure culture 
of an organism, labelled “ B.paratyphus-B ( typhi-murium ) was 
obtained from the liver of the affected birds. Sahaya and Willems 
(L927) recorded a chronic and an acute form of the disease affecting 
adult and young birds respectively. The adult pigeons were usually 
afflicted with a severe arthritis and swelling of the joints, associated 
with softening and atrophy of the pectoral muscles, while young 
birds suffered mostly from acute enteritis. A Salmonella , which was 
not identified, was isolated from the pus of the joints in the chronic 
cases and from the heart-blood of the young birds. On investigating 
the cause of a serious epizootic among a group of young squabs, 
Beaudette (1926b) found typhi-murium in the heart-blood, internal 
organs and unabsorbed yolk of the young birds. The sick birds 
showed nervous symptoms, like incoordination of movements and 
convulsions, and diarrhoea; the lesions were swelling of the liver 
and lungs, catarrhal enteritis and inflammation of the Proventri- 
culus. The birds had been kept under very unhygienic conditions, 
which were regarded as a predisposing factor. 

Several outbreaks of paratyphoid in pigeons from widespread 
areas in Germany were studied by Beck and Meyer (1927). The 
cause was ascribed to typhi-murium (Breslau) and the disease affected 
old birds as well as young ones. Beck (1929) considered that the 
etiological agent of pigeon paratyphoid resembled typhi-murium 
(Breslau) serologically, and that adult birds were much less 
susceptible than young ones and that the latter could be readily 
infected parenterally or otheriwse. Berge (1929) regarded para¬ 
typhoid as one of the most important diseases of pigeons in Germany 
—of 193 birds examined by him 22*6 per cent, were found to be 
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infected with typhi-murium (Breslau). Young birds commonly 
suffer from an acute form of the disease, but in older birds the 
condition is. generally chronic and the symptoms may last for several 
weeks; the joints are swollen and there is paralysis of the muscles 
of locomotion and flight. Emmel (1929) also found Schottmuller 
(typhi-murium?) in practically pure culture in the exudates obtained 
from the swollen joints of pigeons examined by him. 

By examining a flock of oyer 8,000 pigeons suffering from 
weakness of the wings and swelling of the joints Brunett (1930) 
found a straw coloured exudate in the joint swellings and abnormali¬ 
ties in the ovaries, resembling those of pullorum disease. Typhi- 
murium was isolated from the joints as well as from the ovaries. 

Recently Jungherr and Wilcox (1934) investigated the cause 
of a disease in a flock of about 1,500 pigeons in which there was 
an annual loss of about 20 per cent. They incriminated an atypical 
non-maltose fermenting variant of typhi-murium as the etiological 
agent. In some cases typhi-murium could not be obtained from 
reacting squabs, while at other times the organisms were isolated 
from birds that failed to react serologically. Edwards (1935b) 
siudied the same variant from three widely separated areas and 
found the “ 0 ” antigen, like that of ahortus equi, lacking in factor 
Y of the Kauffmann-White schema. The variant was noticed to be 
non-maltose fermenting and negative to the Bitter test; it appeared 
to be similar to typhi-murium var. Copenhagen of Kauffmann 
(1935a). Edwards labelled the organism S. typhi-murium var . 
Storrs. A similar organism, obtained from a case of purulent 
arthritis in a foal, is described by me above. 

Lesbouyries and Verge (1932) described pigeon paratyphoid in 
France and Cernaianu and Popovici (1933) in Rumania, while Ismail 
Abu Bakr Khalifa (1935) studied an epizootic in Egypt due to 
tyPhi-munum . More recently Shirlaw and Ganapathy Iyer (1937) 
have recorded an outbreak of pigeon septicaemia in India caused by 
what they called a “ Gaertner infection ”. Soon after a number 
of birds had been inoculated with fowl-pox vaccine they developed 
symptoms of acute enteritis and fever from which they died. It is 
not possible to recognise the type of Salmonella incriminated from 
the description given. 

That infection of pigeons with Salmonella may lead to serious 
outbreak of food-poisoning in man is illustrated by the description 
of Clarenburg and Dorniekx (1932) of an epizootic which involved 
20 persons in the military hospital at the Hague. The source of the 
infection was traced to pudding made largely from pigeons’ eggs. 
S. typhi-murium was isolated from the pudding, and from the blood, 
faeces and urine of some of the patients; the sera of the affected 
persons also agglutinated cultures of the Salmonella found. On 
investigations, it was ascertained that the flock of pigeons from which 
the eggs originated were suffering from paratyphoid. Moreover, 
typhi-murium was recovered from eggs laid by these birds. 

Although several outbreaks of a Septicaemic disease in pigeons 
have been reported in South Africa from time to time the cause has 
remained obscure until recently when Henning and TTeig (1938) 
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studied, an epizootic of squabs in which a Salmonella was found to 
be the cause. (The outbreak was studied after the completion of 
this paper.) 

The affected birds suffered from loss of appetite, acute diarrhoea 
with green evacuations and rapid loss of condition. The most 
important lesions observed were enlargement of the spleen and liver 
and acute catarrhal enteritis. The affected flock was composed of 
over 200 birds, of which 24 have died from the disease. Heart-blood, 
spleen and liver cultures yielded a pure growth of a non-lactose 
fermenting, Gram-negative motile bacterium (culture 548). On 
testing this bacterium against various “ 0 ”, type and group sera 
of different groups of Salmonella , it was agglutinated by “ 0 ” sera 
containing factor IY of the Kauffman n-White Schema, by type sera 
containing factor i and by group sera. This suggested that the 
organism is related to typhi-murium. Agglutination and absorption 
tests were, therefore, performed with different varieties of typhi- 
murium . The results are given in Table 13. 

The results of Table 13 show that typhi-murium absorbed all 
the agglutinins, “ 0 ” type and group, from 548 serum as well as 
from its own serum, but that culture 548 merely reduced the “ 0 ” 
titre of typhi’•murium serum from 3,200 to 1,000. Culture 548 
removed all the “ 0 ” agglutinins from its own serum but failed 
to exhaust a small portion of type and group agglutinins from both 
its own and typhi-murium serum. This is attributed to the reduction 
of its motility which occurs on subcultivation on solid agar. 

When 548 serum was absorbed with either typhi-murium var. 
Starrs or typhi-murium var. Copenhagen all the “ 0 ” agglutinins 
were removed for typhi-murium , typhi-murium var. Storrs f typhi- 
murium var. Copenhagen and for itself. 

According to these results, therefore, culture 548 contains the 
same type and group antigens as typhi-murium and the same “ O ” 
antigen as typhi-murium var. Copenhagen (Storrs). Its antigenic 
formula should be “ O ”-lV, type /, group 1, 2, 3. 

An outbreak of pyo-arthritis in foals caused by the IV-variant of 
typhi-murium is described on page 124. 

(2) Canaries. 

Canaries seem to be particularly susceptible to Salmonella 
infection. They usually contract a very virulent form of the disease 
which may account for very severe losses in both young and adult 
birds. Joest (1906) was probably the first to draw attention to the 
occurrence of a disease in canaries caused by the enteric group of 
bacteria. Another early record of an epizootic apparently due to a 
Salmonella is that of Gilruth (1910). A bacterium isolated from the 
hoartblood was found to be pathogenic for mice, rabbits, guinea-pigs 
and canaries. About the same time Pfeiler (1911) incriminated an 
organism of the Paratyphi-B group, obtained from blood culture, 
as the cause of a virulent outbreak of diarrhoea among a group of 
well-bred canaries. A somewhat similar outbreak was recorded by 
Lutje (1924). 


131 



Table 13. 


ANTIGENIC STRUCTURE OF SALMONELLAS 











M. W. HENNING* 


Later Beaudette (1926 a), Beaudette and Edwards (1926), and 
Harkins (1926) also described virulent epizootics in canaries in which 
organisms of the Paratyphoid-B group were incriminated as the 
etiological agent. Beaudette and Edwards (1926) studied two 
outbreaks in which birds of all ages were affected with severe 
diarrhoea associated with an increase in the amount of urates 
excreted; an organism which resembled typhi-murium, serologically 
was obtained from the heart-blood and internal organs. The premises 
into which the birds studied by Harkins were introduced were well- 
kept and clean, and none of the local birds became affected; but the 
imported canaries arrived in soiled wooden cages, which probably 
played a predisposing part in setting up the infection. 

In South Africa, Martinaglia (1929) recorded two outbreaks of 
paratyphoid in canaries in which typhi-murium was the cause, and 
in 1933 I investigated a very virulent epizootic in an aviary 
comprising about 200 well-bred canaries. The most important 
symptoms were drowsiness and diarrhoea, and the course of the 
disease was always very rapid, with a mortality of over 95 per cent. 
The most important lesions observed were hydro-pericardium, 
enteritis, tumor splenis and swelling of the liver. A gram-negative, 
non-lactose fermenting organism was obtained in pure culture from 
the heart-blood and spleen of all the birds examined. Cultures of 
this organism were readily agglutinated by typhi-murium serum and 
the organism was found to be di-phasic. A mixed serum was prepared 
by injecting a rabbit five times with a suspension of the canary strain 
(culture 176) in saline. Agglutination and absorption tests were then 
performed as shown in Table 14. 


Table 14. 


Antigen. 

Typhi- 
murium 
S. a.b. 
typhi- 
murium. 

Typhi- 
murium 
S. a.b. 
176. 

Typhi- 
murium 
S. unab. 

176 

S. a.b. 
Typhi- 
murium. 

176 

S. a.b. 
176. 

176 

S. unab. 

Typhi-murium " 0 ”. 

0 

0 

1,600 

0 

0 

800 

Typhi-murium 4t H ” type 

0 

0 

60,000 

0 

0 

12,800 

Typhi-murium “H” group 

0 

0 

25,000 

0 

0 

6,400 

176 * 4 0 ”. 

0 

0 

1,600 

0 

0 

800 

176 type. 

0 

0 

50,000 

0 

0 

12,800 

176 group. 

0 

0 

25,000 

0 

0 

6,400 


S — serum; a.b. = absorbed by; unab. unabsorbed : 
0 =» no agglutination at 1 in 100. 


The results of Table 14 show that culture 176 removed all 
agglutinins (“ 0 ”, type and group) from typhi-murium serum as 
well as from 176 serum; while typhi-murium completely exhausted 
both 176 serum and the homologous serum. Culture 176, therefore, 
resembles typhi-murium serologically and contains the same antigenic 
factors; it should be regarded as typhi-murium . 
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On investigating the source of the infection, I found that losses 
commenced to occur soon after the owner had changed the food supply. 
Several samples of grain used by the owner for feeding were obtained 
and inoculated into enrichment media, e.g. tetrathionate broth. 
After 24 hours* incubation a loopful from each tube was spread 
on to a Mason tube of MacConkey’s bile-salt agar. A few translucent, 
non-lactose fermenting colonies were observed on one of the tubes; 
some of these were picked and tested against drops of a tyPhi-mwrium 
serum dilution on a glass slide; the result was a coarse floccular 
agglutination and typhi-murium was suspected. The remainder of 
two of the positive colonies was subcultivated until a pure culture 
(culture 177) was obtained. Culture 177 was found to be diphasic, 
and, like culture 176, it exhausted all agglutinins from the serum 
of culture 176, as well as from the serum of typhi-murium Glasgow. 
Accordingly, culture 177, like culture 176, should be regarded as a 
strain of typhi-murium . A one-sided absorption was considered 
sufficient in the case of this test. 

Although the presence of typhi-murium in the grain may explain 
the origin of the infection, the possibility of the grain becoming 
contaminated by attendants handling it after the outbreak among 
the canaries cannot be excluded. It may be of interest to mention 
that Jones and Wright (1938) described an outbreak of typhi-murium 
food-poisoning in man due to contamination of food with the excreta 
of mice. 

Culture 153, obtained from one of a number of finches that were 
dying from a septieaemic disease in an aviary, was also studied. 
By testing it with the same method used for culture 176 it was found 
to be diphasic and to exhibit the same antigenic characters as cultures 
176 and 177. It was, therefore, also labelled typhi-murium . 

(3) Gkese. 

Outside Germany there is very little information available 
regarding the incidence of paratyphoid infection in geese. According 
to the classical monograph of Hubener (1910) seventeen outbreaks of 
food-poisoning traced to birds’ meat have been recorded in Germany 
during the period 1903 to 1908; of these 14 outbreaks were due to 
goose meat, one to duck, one to fowl, and, in the case of one, the 
species of bird was not mentioned. Nine of the outbreaks were 
ascribed to paratyphoid organisms; of these, eight were caused by 
goose meat and one was due to the meat of a sick hen. 

One of the first records of paratyphoid in geese is that of Pfeiler 
(1919) when he described a virulent epizootic among 9-week old birds 
with symptoms of septicaemia and swelling of the head and eyes. 
Heart-blood and organ cultures yielded a pure growth of an organism 
of the Paratyphi-B group ( typhi-murium ?). Earlier in the year 
cultures of typhi-murium were used for the eradication of mice and 
there was a suspicion that geese obtained the infection from the 
mice. Later Weissgerber and Miiller (1922), Lutje (1924) and 
Burghoffer (1927). described similar epizootics among young geese. 
An organism which resembled both Paratyphus-B and suipestifer 
was obtained by Weissgerber and Muller from the heart-blood and 
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organs of affected birds, and a slow-growing Salmonella that was 
agglutinated to high titre by both Schottmuller and Voldagsen sera, 
was isolated by Lutje from the internal organs of diseased birds. 
Burghoffer investigated a septicaemia disease among 1 and 2 week 
old goslings and incriminated Bact. enteritidu Breslau (typhi- 
murium ) as the causal agent. Apparently the young birds became 
infected after hatching as the blood of the laying hens gave a negative 
serological test with typhi-murium. Experimentally the bacterium 
isolated was found to be pathogenic for very yotmg geese only, birds 
from 4 to 6 weeks old being completely refractory to artificial 
infection. 

After the recognition of members of the genus Salmonella as 
etiological agents of disease in geese, several outbreaks of food¬ 
poisoning in man have been traced to goose meat or even to goose 
eggs. Thus Hohn and Becker (1927) reported a number of outbreaks 
of food-poisoning in man where foodstuffs, like salads and sausages, 
which contained either goose eggs or goose meat as ingredients, were 
incriminated. The symptoms in some of the cases resembled those 
of typhoid fever, while other cases were typical of typhi-murium 
infection, with vomiting and diarrhoea as the chief symptoms. Baars 
(1929) also found typhi-murium as the cause of a disease in 12 persons 
‘ that had partaken of some smoked goose breast. The organisms were 
isolated from the stools of the patients as well as from the suspected 
meat. 

Later Baars (1931) described another outbreak of meat-poisoning 
in a family of three due to Breslau-infected goose meat. The meat 
was preserved in brine for a week before it was used. On investi¬ 
gation, he discovered that the goose from which the meat was obtained 
originated from the same farm as the birds that were responsible 
for the previous outbreak. Smoking and salting of the meat did 
not destroy the organisms, but rather caused their enrichment. 
Baars considered that freshly cooked or fried meats are less dangerous 
as the organisms are not very resistant to high temperatures. 

Two outbreaks were recorded by Pressler (1930); the one 
involving four persons after a meal of pies that contained goose liver; 
Breslau ( typhi-murium) was recovered from the stools of the patients 
and from what remained of the goose liver, but no infection could 
be detected in any of the remaining geese of the flock or in the 
persons that had handled the meat. The other outbreak affected a 
number of adults and a few children in a “ Kinderlieim ”; they had 
eaten pies made from goose meat. During the same year Kolbe (1930) 
also described two epizootics of meat-poisoning resulting from the 
ingestion of goose meat. 

On account of the increase in the number of cases of gastro¬ 
enteritis in man traced to goose meat, the carcasses of all suspicious- 
looking birds are now seized and condemned for human food in 
Germany. Out of 87 condemned carcasses of geese that had been 
suffering from fowl cholera, Hfisgen (1931) obtained typhi-murium 
from 11 and enteritidis from 1. Transportation of the birds was 
considered to reduce their resistance so that infection could readily 
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have taken place. Htisgen also reported two outbreaks of food¬ 
poisoning due to goose liver and meat infected with typhi-murium , 
and in 1930 he investigated a severe epizootic of paratyphoid in 
geese. 

During three months of 1932 Wundram and Schftnberg (1932) 
examined 182 goose carcasses in Berlin and isolated typhi-murium 
from 44. The affected birds were emaciated and showed marked 
pathological changes in tbeir internal organs, and their skins were 
reddened. The same woikers also reported 6 outbreaks of food¬ 
poisoning, involving 16 persons, caused by goose meat and liver 
infected with typhi-murium . About the same time Bornstedt and 
Fiedler (1932) examined 828 geese imported from Poland and 
Lithuania; of these 182 had died and showed either lesions of fowl 
cholera or verminosis. Of 144 sick geese suffering either from 
transport injuries or symptoms of fowl cholera, 12 gave a positive 
agglutination reaction with typhi-murium; from the faeces of five 
of these S . typhi-murium was isolated. They suggested that 
S. typhi-murium probably occurs as a saprophyte in the bodies of 
geese, becoming invasive only when the animal's resistance has been 
lowered by factors like disease, injury and transportation. 

As far as South Africa is concerned no cases of geese infected 
with Salmonella have so far been recorded. 

(4) Ducks. 

From the public health aspect Salmonella infection in ducks is 
particularly dangerous because the organisms may occur in the eggs 
of infected birds as well as in the meat. Moreover, paratyphoid is 
far more common in ducks and geese than in gallinaceous birds; 
Lecoq (quoted by Scott, 1930) considered the constant association of 
water birds with ponds and mud pools, which are sometimes 
contaminated with infected excreta, as the cause of the frequency 
of disease in them. In his account of paratyphoid infection in 
aquatic birds, Manninger (1918) described a disease in 1 to 2 weeks 
old ducks and geese caused by an organism of the Paratyphus-B 
group. Soon afterwards Rettger and Scoville (1920) investigated a 
most virulent disease (“ keel ”) in ducklings; there was a mortality 
of nearly 100 per cent, in a flock of about 3,000, death usually 
occurring during the first week of life, but occasionally as late as 
3 to 4 weeks after hatching. There were no definite lesions, but a 
Salmonella was readily obtained from the heart-blood and organs 
of the young birds and also from the ovaries of two adult ducks and 
the abdominal cyst of one, The investigators considered that the 
infection was probably transmitted from the ovaries of diseased 
hens through the egg to the chick, and they named the organism 
isolated Bacterium anatum, a new species. But Cooper and 
Krumwiede (1924), Edwards and Rettger (1924, 1927), and Kauffman 
and Silberstein (1934) found that only some of the strains of 
Salmonella labelled anatum could be included under the new name 
as the others resembled typhi-murium serologically; actually one of 
the strains studied by Kauffmann and Silbertstein (1934), strain 3123 
of the National Collection of Type Cultures, was found to be 
enteritidis. Anatum like most other species of Salmonella , however, 
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affects more than one species of animal. Thus, Kauffmann and 
Silbertstein isolated a strain from the stool of a patient suffering from 
gastro-enteritis and intermittent fever, and another strain (anatum 
var . Muenster) from a person that had developed meat-poisoning 
after eating raw horse meat; they also described a third strain of 
human origin obtained from Kristensen. Edwards (1935 a) 
incriminated anatum as the etiological agent of an epizootic in 
chickens, and I ( vide infra) isolated it from adult fowls. 

Subsequently several different workers have recorded epizootics 
in ducks due to Salmonellas . Doyle (1927) recorded a severe outbreak 
among chicks and young ducks due to typhi-murium ; the source of 
the infection remained obscure, but the food was suspected. In 1929 
Gaiger and Davies (1930) investigated the first known outbreak of 
“ keel 99 disease in Great Britain. There was a mortality of over 80 
per cent, and the recovered birds remained ailing for several weeks. 
Anatum was obtained from a number of the birds examined. All 
the deaths occurred on a farm to which the young ducks were moved 
after hatching, while those that remained behind on the breeding 
farm remained healthy. It was apparent, therefore, that the infec¬ 
tion took place after hatching and that the eggs and incubators were 
clean. Fermentation of the food was regarded as an important con¬ 
tributory factor in the genesis of the disease in this outbreak. 

Pallaske (1930) described a disease in ducks associated with 
pathological changes in the ovaries of hens and the testes of drakes; 
the cause was found to be S . enteritidis Gaertner. Hole (1932) 
encountered three epizootics in young ducklings, one due to enteritidis 
and the other two to typhi-murium; infection was thought to have 
occurred through the egg. Acute and sub-acute enzootics in young 
ducks and geese with a mortality of 96 per cent, were described by 
Strozze (1931). Another virulent epizootic in ducklings with a death- 
rate of over 90 per cent, was recorded by Schaaf (1933). Typhi- 
murium was found to be the cause. Infected birds discharged the 
organisms with their faeces and gave positive agglutination reactions 
with these bacteria. Natural infection was thought to have resulted 
from the ingestion of food or water contaminated with infected 
excreta. Moreover, the vitality and resistance of the birds were con¬ 
siderably reduced by transportation over long distances by rail. 

In England Bailing and Warrack (1932), McGaughey (1932), 
and Warrack and Bailing (1933) have shown that adult ducks may 
sometimes harbour S. typhi-murium or S. enteritidis , and that breed¬ 
ing birds with diseased ovaries are liable to lay infected eggs, which 
often fail to hatch; should the infected eggs hatch an epizootic of 
paratyphoid will probably occur among the newly-hatched birds. 
In this disease, therefore, as in Bacillary White Diarrhoea, the 
infecting agent is transmitted from the adult bird through the egg 
to its progeny. The presence of Salmonellas in the eggs laid by 
infected birds was demonstrated by these workers. Moreover, those 
ducks which laid eggs infected with either typhi-murium or enteri¬ 
tidis produced the corresponding agglutinins in their sera, and, as 
with pullorum infected hens, they could usually be detected by means 
of a serological test. Warrack and Balling noticed that the eggs 
laid were infected only when the titre of the affected bird was high, 
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and the agglutination titre of the sera obtained from reactors dropped 
considerably during the course of the laying season. In the outbreak 
investigated by McGaughey, several deaths occurred among adult 
ducks during the course of months. The liver and ovary of one bird, 
which showed lesions resembling those of pullorum disease, yielded 
enteritidu on culture. 

But healthy ducklings may acquire the infection from outside 
sources, e.g. infected eggs may introduce the infection into the 
incubator and so produce the disease in subsequent hatchings. More¬ 
over, the infection may also be picked up from contaminated soil, 
food or water. 

Scott (1930) considered that eggs may be responsible for many 
mysterious cases of Salmonella food-poisoning in which none of the 
common articles could be incriminated. He mentioned seven out¬ 
breaks where duck eggs were suspected, but not proved, to be the 
cause of the disease, and he alluded to a monograph of Lecoq (1906) 
in which several outbreaks of bacterial food-poisoning due to whipped 
cream were described; both duck and hen eggs were used as ingre¬ 
dients of the whipped cream. By dipping fresh eggs into a culture 
of typhi-rwurium, Scott showed that infection might pass through 
the shell, provided the eggs were kept in the room for at least two 
weeks; both yolk and albumen became infected. But he found that 
part of the shell must remain moist for the penetration of the 
bacteria; if the culture was allowed to dry on the shell, infection 
failed. The bactericidal action of fresh albumen prevented growth, 
but, as the eggs became Btale, the multiplication of the Salmonella 
was marked and the eggs became badly infected. The infected eggs 
showed no outward sign of infection and might have been mistaken 
for normal eggs. 

Later Scott (1932) described three widely-separated outbreaks of 
acute gastro-enteritis in man due to eggs infected with typhi-murium; 
there was one death. The organisms were recovered from the stools 
of a number of patients and from the organs of one. Duck eggs, fried 
and raw, were imputed and the 'suspicion was confirmed by the dis¬ 
covery of typhi-murium infected eggs from the corresponding flocks. 
The infected birds were recognised by means of serological tests and 
typhi-rmirium was isolated from the spleen, ovary, oviduct and intes¬ 
tines of some of the reactors. 

Since the discovery by Scott and Bailing and Warrack of the 
transmission of Salmonella infection by means of duck eggs several 
cases have been revealed where foods containing infected duck eggs 
as ingredients have been incriminated as responsible for outbreaks 
of food-poisoning in man. Thus, Fromme (1933) and Willfiihr, 
Fromme and Bruns (1933) described 25 outbreaks of gastro-enteritis 
in Germany, traced to duck eggs infected either with typhi-murium 
or enteritidu ; there were 143 cases and 2 deaths. In three of the 
outbreaks Salmonella* were discovered in the food, and in one it was 
possible to isolate typhi-murium from the faeces of two duckB and 
from the egg-shells of another. Furth and Klein (1933) recorded two 
epizootics of food-poisoning in large homes caused by vanilla pudding 
and potato salad containing duck eggs as ingredients; altogether 140 
cases were involved. In one outbreak typhi-murium, and in the 
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other Gaertner bacilli, were isolated from the stools of the patients. 
The faeces of some of the ducks, from which the eggs for one of the 
establishments originated, yielded aertrycke on cultivation, but the 
examination of the contents of over a hundred eggs from a suspected 
flock failed to yield Salmonellas. These organisms were, however, 
obtained from the shells of three of the eggs examined. It was, 
therefore, thought that the infection was produced by the bacteria 
present on the shells. Muller and Rondenkircken (1933), on the 
other hand, obtained Gaertner bacilli in pure culture from the con¬ 
tents of the remainder of a consignment of duck eggs, some of which 
had been used in the raw state for a potato salad and were responsible 
for an outbreak of food-poisoning. 

On investigating the cause of an epizootic of gastro-enteritis 
among a number of guests at a wedding party on a farm in Germany, 
Mieszner and Kdser found that all the patients had partaken of a 
pudding made from duck eggs. From the ovaries of two ducks owned 
by the host, from an egg laid by one and from the faeces of another, 
typhi-rnurium was isolated. During the period 1931 to 1934 Bruns 
and Fromme (1934) studied 50 outbreaks of food-poisoning in Western 
Germany caused by foods containing duck eggs, prepared mostly in 
the form of mayonnaise. There were 253 cases and 6 deaths, and 
either typhi-vmrium or enteritidu was incriminated. Zeug (1935) 
also drew attention to the increasing prevalence of food-poisoning in 
the industrial areas of Western Germany due to foods prepared from 
duck eggs; mayonnaise, potato salads, puddings and Hackfleisch were 
most frequently responsible. Typhi-murium, was regarded as the 
chief cause. Zeug has pointed out. that, although no definite clinical 
symptoms may be observed in the birds that lay infected eggs, egg- 
laying generally decreases, and pathological changes develop in the 
ovaries and oviducts. Salmonellas are usually present in these 
lesions, from which they find their way into the interior of the egg. 
But infection sometimes occurs by contamination of the egg-shell 
with infected faeces. As shown by Scott (1930— vide supra). Salmo¬ 
nella s may penetrate through the shell into the interior of the egg, 
under certain conditions. If the shell-contaminated eggs are soon 
cooked, no harm is likely to result; but should they be kept for some 
time, serious infection may follow’ their use. The heating to which 
eggs are generally subjected is not enough to destroy the organisms 
present in an infected egg. After 5£ minutes boiling infected eggs 
may still contain live organisms, but 6 minutes boiling is usually 
sufficient to kill all the bacteria. 

Clarenburg and Pot (1935) also described a severe outbreak of 
gastro-enteritis in 4 families, involving 9 persons. Symptoms of 
diarrhoea, vomiting and fever appeared soon after the people had 
eaten cream puffs supplied by the same baker. Typhi-murium was 
isolated from the cream puffs, and from the stools and urine of some 
of the patients. Duck eggs were used as ingredients of the puffs, 
but all the eggs examined from the suspected ducks gave negative 
results for Salmonella . Six of the ducks, however, gave positive 
serological tests for typhi-murium , and this organism was isolated 
from the faeces of one. When the reacting ducks were killed, they 
showed lesions of chronic oophoritis, and from the ovaries of two of 
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them typhi-murium was obtained in pure culture. Similar bacteria 
were also isolated from apparently normal looking yolks present in 
the ovaries. 

Recently epizootics in ducks, due to infection with either 
Gaertner or typhi-murium^ have been observed fairly frequently in 
Holland, where the disease has been studied by a number of investi¬ 
gators, especially Jansen (1934a, 1934b, 1935, 1936). In a virulent 
outbreak among young ducklings with lesions of enteritis and 
swelling of the liver, he isolated enteritidis bacilli of the Moscow 
type from the internal organs of affected birds. By testing a number 
of suspected birds serologically, he found a few affected with 
oophoritis in which the reaction was negative, though in some 
positive cases there was no evidence of oophoritis. Generally, how¬ 
ever, the ovary was affected when a positive reaction had been 
obtained. 

Jansen has also noticed that a large percentage of ovary-infected 
ducks lay infected eggs, which frequently cause epizootics of 
paratyphoid among newly hatched ducklings. But he has also 
recorded a number of outbreaks in young birds where the eggs 
could not be incriminated. 

In five outbreaks studied by Jansen in 1936, three were found 
to be due to enteritidis var. Essen , one to typhi-murium and one to 
a mixture of the two organisms. In the latter case typhi-murium 
was obtained from the heart-blood, liver and yolk of the young birds, 
while a small percentage of the adults was infected with essen as 
well as typhi-murium . 

The importance of Salmonella infection in both ducks and geese 
in Germany was also emphasised by Lerche (1936), who found 5*7 
per cent, of the duck’s eggs offered for sale to be infected. He 
described an outbreak of food-poisoning in a family that had eaten 
fried ducks eggs. Typhi-murium was isolated from the stools of the 
patients and from the eggs. . 

I have not had an opportunity of studying Salmonella infection 
of ducks in South Africa, but in 1931 Dunning (1934) investigated 
a virulent epizootic of ducklings in the Cape Peninsula. At least 
50 per cent, of a flock of 2,000 birds died at ages varying from 5 
to 23 days. “ Keel ” disease was tentatively diagnosed. Fourteen 
newly hatched ducklings taken from the infected farm were removed 
to fresh, clean premises and kept under observation. All died from 
5 to 29 days after hatching. A bacillus obtained in pure culture 
from the organs of affected birds was tested biochemically and was 
found to react like S . enteritidis . The evidence collected by 
Dunning suggested that the eggs were infected at the time they 
were placed in the incubator. 

Early in 1932 Coles also investigated a virulent epizootic of 
ducklings in the Transvaal, and isolated a Gram-negative, non¬ 
lactose fermenting bacterium from the affected birds. Fermentation 
tests carried out with this organism resembled those obtained with 
typhi-murium . 
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As the cultures made from the organisms isolated from both 
outbreaks were discarded, serological tests could not be performed. 

(5) Turkeys. 

About 45 years ago MacFadyean (1893) described a disease in 
turkeys which he called “ epizootic pneumo-pericarditis ”. The 
organism obtained by MacFadyean from the heart-blood, spleen and 
pericardium is probably a Salmonella, and the outbreak of “ pneumo¬ 
pericarditis 99 caused by it is the first record of paratyphoid among 
turkeys. The etiology of the disease “ pneumo-enteritis ”, described 
by Dodd (1905), is less apparent. The organism incriminated was a 
non-motile bacterium of the “ fowl-cholera 99 type, obtained in 
pure culture from the heart-blood and lungs. In South Africa, 
Jowett (1908) investigated a highly fatal disease in turkeys, which 
he also called “ pneumo-pericarditis 99 after the condition 
described by MacFadyean. Cultures of the organism isolated from 
the heart-blood and pericardial fluid proved to be pathogenic for 
turkeys and guinea-pigs, but not for fowls. It is highly probable 
that Jowett was also dealing with an outbreak of paratyphoid. 
However, the first authentic record of an epizootic in turkeys, in 
which a Salmonella was recognised as the causal agent, is that of 
Pfaff (1921). A pure culture of a paratyphoid-like organism was 
isolated from the heart-blood and pericardial fluid of diseased birds. 
Cultures of this bacterium proved to be pathogenic for turkeys and 
several small laboratory animals. 

Later, several other investigators studied outbreaks of para¬ 
typhoid in turkeys. Rettger, Plastridge and Cameron (1933) 
investigated outbreaks of recurrent deaths among young poults on 
two different farms; the greatest losses occurred among birds that 
were less than 10 days old, but deaths were also observed as late 
as 0 weeks after hatching. A pure culture of typhi-murium was 
obtained from the heart-blood and internal organs and it was thought 
that the unhygienic conditions under which the birds were kept 
ou the one farm accounted for the ease with which the disease 
became established. 

According to Lee, Holm and Murray (1936) no serious losses 
were known to occur in turkeys in the State of Iowa prior to 1934. 
In May of that year a very virulent disease, with a mortality of 
over 90 per cent., appeared in young poults under 5 weeks old. 
A pure culture of typhi-murium was obtained from the heart-blood 
and internal organs of affected birds. More recently Cherrington 
Gildow and Moore (1937) investigated four outbreaks of typhi- 
murium infection among poults in widely separated areas. In three 
of the outbreaks the disease appeared before the birds were a week 
old, suggesting that the infection was probably transmitted, like 
pullorum disease, from infected hens through the eggs to the poults. 
A large percentage of the hens that produced diseased poults gave 
positive agglutination reactions with typhi-murium. There was a 
mortality of over 80 per cent, among the poults under 10 days of 
age. In one outbreak typhi-murium was isolated from some dead- 
in-the-shells poults, and in another from the ovaries and yolk 
of some of the reacting hens; in some cases, however, no organisms 
could be cultivated from the abnormal ovaries of reacting hens. 
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But outbreaks of paratyphoid in turkeys may be caused by 
Salmonellas other than typhi-murium. Edwards (1937) has described 
an epizootic in poults due to S . senftenberg, the fist record in which 
this organism has been incriminated as the cause of an animal 
disease. Moreover, infection of turkeys with S. gallinarum is 
comparatively frequent. Two of the 149 outbreaks caused by this 
bacterium and recorded by me (vide infra) involved turkeys only. 

(6) Fowls. 

Virulent epizootics, like fowl-typhoid and bacillary white 
diarrhoea, are so common in gallinaceous birds that it is quite 
possible that some outbreaks due to other types of Salmonella nave 
been mistaken for these diseases. In many outbreaks of paratyphoid 
the scourge affects only very young birds in the same way as 
pullorum disease attacks eggs laid by infected hens, while in other 
epizootics older birds also suffer severely, and the disease resembles 
fowl typhoid. The nature of the malady is revealed only when a 
careful bacteriological examination of the dead birds is made. 

One of the first records of a disease that can be interpreted as 
paratyphoid in fowls is the description by Mazza (1899) of an 
epizootic among these birds in Italy. A motile, non-indol forming, 
glucose fermenting organism obtained from the internal organs was 
found to be pathogenic for fowls and pigeons, but not for rabbits. 

But there are very few early descriptions of paratyphoid in 
fowls, probably on account of the marked resistance of adult birds 
to infection. Reinholdt (1912) and others have tried to infect fowls, 
geese, ducks and pigeons with enteritidis and paratyphoid-Ii (tyPhi- 
murium?) both parenterally and per os; fowls proved to be the 
most resistant. Pfeiler and Rehse (1913) also found that fowls were 
not very susceptible to paratyphoid infection. They studied the 
outbreak on a farm of a chronic disease which occurred enzootically 
with a few deaths reported from time to time and recovered a 
bacterium from the internal oifcans of affected birds which they 
placed in the Paratyphus-B group. Nevertheless, although adult 
fowls may not be very susceptible to natural or artificial infection 
with certain types of Salmonella , numbers of very virulent out¬ 
breaks of paratyphoid in chickens are reported periodically. Thus 
Spray and Doyle (1921) found that outbreaks of a very destructive 
disease in newly hatched chicks (2 to 4 days old) may be caused by 
organisms of the paratyphoid-B gToup, as well as by S . pullorum . 
Edwards (1929) investigated an epizootic affecting over 2,000 very 
young chicks with a mortality rate of about 25 per cent. S. pullorum 
could not be detected in any of .the birds examined, but there was a 
mixed infection of typhi-murium and anatum associated partly with 
coccidiosis. By means of serological tests and post mortem examina¬ 
tions, no carriers could be detected in either the breeding stock 
or in the survivors. 

Later five separate outbreaks of paratyphoid in birds were 
recorded by McGaughey (1932). Of these three occurred in chicks, 
one in adult fowls and one in ducks. In one of the chicken 
epizootics typhi-murium was obtained from the heart-blood and 
internal organs of the dead birds; in another outbreak a non-motile 
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strain of the typhi-murium Paratyphi-B group was isolated from 
the carcasses, while enteritidis was recovered from the third group 
of chickens. The disease in the adult fowls caused a large number 
of sudden deaths. MoGaughey isolated typhi-murium from the 
internal organs of one bird and pullorum from another. In the 
outbreak affecting the ducks several deaths occurred during the 
course of a few months. The ovary of one of the ducks examined 
resembled that of a case infected with pullorum , and S. enteritidis 
was obtained from its liver and ovary. It was stated above that 
Jansen (1936) isolated enteritidis var . Essen from the organs of 
diseased ducks, and also from the yolk sac of chickens that had 
been living in close association with ducks. 

During the course of the routine diagnosis of chick disease, 
Jungherr and Borden (1934) encountered 5 cases of paratyphoid 
infection. In two of these the causal agent was found to be typhi- 
murium var. storrs, in two atypical strains of eholerae-svis , and in 
one an atypical strain of L2. 

In spring of 1936 Schalm (1937) investigated a pullorum- like 
disease tnat affected several batches of chicks on a Californian farm. 
The breeding stock had been healthy for a number of years and the 
farm was free from bacillary white diarrhoea, but deaths were 
reported in the chicks sold to five different farmers, and about 40 
per cent, losses were sustained in 4 to 10 days old birds. Typhi- 
murium was isolated from the lieart-blood and organs, and chilling 
during shipment was considered to be a predisposing cause. The 
chicks that remained on the breeder’s farm developed an apparently 
chronic form of the disease which affected fewer and much older 
birds. It was thought that infection of the chickens on the farm 
took place in the incubator after hatching by means of bacteria 
present in the faecal matter on the surface of the egg shells. 
Schalm could not infect 4-dav old chickens either by feeding or by 
intravenous inoculations of cultures of typhi-murium . 

According to Emmel (1936) different species of Salmonella may 
occur as facultative parasites in the alimentary canal of fowls; by 
examining the intestinal contents of a number of fowls suffering 
from enteritis due either to coccidiosis or to worm infestation he 
claims to have isolated a ertrycke % paratyphi-A , paratyPhi-B , enteri¬ 
tidis , typhi as well as pullorum. The account published by Emmel 
does not appear to be complete; there are no records given of the 
methods used for typing the strains, and it is not stated on what 
grounds the different strains were classified. To me it seems that 
Emmet's claims cannot be accepted, unless much more information 
is available than is presented in his report. 

The incidence of food poisoning produced bv fowl’s meat is 
apparently much lower than that caused by foods prepared from 
duck and goose meat and eggs. In a review of outbreaks of food¬ 
poisoning due to bird meat^ Beller (1933) discussed several cases 
where the meat of aquatic birds was incriminated; he pointed out 
that fowl and pigeon meat intended for food are always well cooked 
so that food-poisoning cannot be readily set up even when the meat 
is infected. From 1923 to 1932 Meyer (1933) studied 50 outbreaks 
of food-poisoning caused by bird meat. Three hundred people were 
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affected and there were three deaths; 37 of the outbreaks were due 
to goose, 3 to duck, 7 to fowl, one to partridge, one to pigeon meat 
ana in one case both goose and fowl meat were incriminated. 
Although the type of Salmonella recovered was not determined in 
all outbreaks, typhi-muri.um was found to be by far the most 
common; enteritidis was incriminated in a small number of the 
cases, while “ Paratyphus-B " and a newport-like organism were 
recovered from one outbreak. The bacteria were generally isolated 
either from the suspected food, or from the patients, or from both 
food and patients. As stated above, the importance of ducks as 
carriers of Salmonella infection lies rather in the eggs than in the 
meat. 

Although S . gallinarum and S. pullorum> are generally regarded 
as non-pathogenic for man, Kauffmann (1934) has described 
a strain of gallinarum (the Duisberg strain) which he isolated from 
the stools of patients that developed acute symptoms of gastro¬ 
enteritis after tney had partaken of a salad. The organism resembled 
gallinarum serologically, and was pathogenic for chickens, but its 
fermentation reactions were atypical. 

Apart from infection with gallinarum and pullorum f I have 
studied four outbreaks of Salmonella infection in fowls in South 
Africa. 

I. The information relating to this outbreak has been furnished 
by me in another paper (Henning, 1937). 

In 1935 a farmer at Amersfoort in the Transvaal sustained serious 
losses amongst his chickens from what appeared to be an infectious 
disease. The disease was not investigated and the cause of the 
mortality remained unknown until the end of 1936, when the malady 
reappeared and a few affected birds were sent to Onderstepoort for 
examination. An apparently pure culture, obtained by Mr. J. I). 
W. A. Coles, head of the Poultry Disease Section, from the heart 
blood of a 7-day-old chick, was handed to me for identification. The 
culture was plated and a few isolated colonies were picked. The 
cultures obtained from these were tested against various agglutinating 
sera. It was found that the antigenic structure of the organism 
exhibited an entirely new combination of antigenic components; for 
this reason, therefore, the germ should be admitted to species rank 
in compliance with the recommendations of the Salmonella 
Sub-committee of the Nomenclature Committee of the International 
Society of Microbiology (1934). The name Salmonella amersfoort 
(Henning, 1937) was given to the organism—after the place of its 
origin. 

Morphology and cultural character .—Morphologically, S. 
amersfoort resembles a typical Salmonella , and, like it, grows readily 
on ordinary laboratory media. It is Gram-negative and actively 
motile. Saline and thermo-agglutination tests, as well as the shape 
of individual colonies, show that it is smooth. 

Biochemical character .— S . amersfoort forms acid and gas in 
glucose, duleite, mannite, maltose, arabinose, rhamnose, and sorbite; 
it forms hydrogen sulphide and renders litmus milk alkaline; it does 
got produce indol. 
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Pathogenicity .— S. amersfoort is pathogenic for chickens and 
mice; 0‘25 c.c. of a 24-hour-old broth culture, given intraperitoneally, 
kills a 6-week-old chicken in 4 days and 0*05 c.c. kills an adult mouse 
in 36 hours. S. amersfoort was recovered from the heart blood and 
spleen in each case. But chickens dosed with 1 c.c. of the virulent 
broth culture remained apparently healthy. 

While making an antigenic analysis of Salmonella amersfoort 
I noticed well-marked flocculation occurring between this organism 
and the sera of organisms that are generally regarded as not even 
remotely related antigenic-ally. 

Bruce White (1929) described three forms of antigenic variation 
occurring in the genus Salmonella : (1) the “ H ” form —“ 0 ” form 
variation of Weil and Felix (1920), (2) the Smooth form—Hough 
form variation of Arkwright (1921), and (3) the specific phase— 
non-specific phase variation of Andrewes (1922). Later Kauffmann 
and Mitsui (1930) described a new type of phase variation, involving 
the specific phases of brandenburg, dar-es-salaam and Potsdam ; and 
they called this a - ft —variation. A similar variation has been 
observed in a number of other types of Salmonella , viz. abortus-bovis 
(Bernard, 1935), hvittingfoss and oslo (Tesdal, 1936, 1937), 
bispebjerg and typhi (Kauflfmann, 1936a, 1936b), Chester and 
schleissheim (Kauffmann and Tesdal, 1937). The antigenic structure 
of these organisms, according to Kauffmann and Tesdal (1937), is 
given in Table 20b. The inagglutinable (containing Vi antigen) and 
agglutinable forms of S. typhi described by Felix and his co-workers 
(1934, 1935, 1936) may be regarded as another type of variation. 
Kauffmann (1935) introduced the terms “ V-form ” and “ W-form ” 
to denote, respectively, tKe variant containing Vi-antigen and that 
devoid of it; while Craigie and Brandon (1936), Brown (1936), 
Scholtens and others showed the effect of bacteriophage on the V - W 
degradation. 

Serology .—For the study of the antigenic structure of 
S. amersfoort, “ O ” sera, “ H ” specific and non-specific sera, and 
mixed “ O ” and “ II ” sera, prepared against a number of repre¬ 
sentative strains of Salmonella , were used. Sera prepared against 
S. amersfoort were also used. The sera and agglutinating suspensions 
were prepared according to the methods described above. 

Preliminary tests showed that amersfoort gave a well-marked 
fine granular agglutination with “ 0 ” sera containing factors VI and 
VII of the Kauffmann-White schema (cholerae-suis, newport , 
potsdam and others), while a distinctly coarse floeeular agglutination 
was produced not only with “ H ” sera containing factors en or e 
(abortus equi , brandenburg , potsdam ,, dar-es-salaam , onderstepoort , 
newport, reading or anatum), but also with those containing factor d 
(Stanley, muenchen and typhi). However, a much stronger 
agglutination was produced by sera containing factors en than with 
those containing factor e but not n. 

The culture was again plated on Mason tubes to obtain a number 
of separate colonies for independent study. After 5 hours’ incubation 
at 37° C. broth cultures of these colonies were tested against 
Kunzendorf and Binns group sera as well as against the type sera of 
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onderstepoort , newport, potsdam and tyvhi. The results are given in 
Table 15. It will be noticed that tne majority of the cultures 
agglutinated with typhi serum (factor d), a number agglutinated 
with potsdam (factors enlv) 9 and newport (factors eh) or 
onderstepoort (factors eh) sera, a few agglutinated incompletely with 
all four sera, being apparently intermediate forms, but no 
agglutination whatsoever was effected with Runzendorf and Binns 
sera. 


Table 15. 

Thirty colonies grown in broth for 5 hours and tested against 
5 different sera . 


No. of 

Colony. 

Typhi 

B. 

Newport or 
Onderste¬ 
poort 

8. 

Potsdam 

s. 

Runzendorf 

s. 

Binns 

s. 

1-16. 

+ -H- + 

0 

0 

0 

0 

17-25. 

0 

+ + + + 


0 

0 

26-30. 

+ 

+ 

+ s 

0 

0 


+ + + + = complete flocculation within 30 minutes. 
4- = partial flocculation after 1 hour. 

0 — no flocculation after 18 hours. 

In headings to table s. = serum. 


These results indicated (1) that the organism occurred only in 
the type phase and (2) that the culture used was either a mixed one 
or that it exhibited properties that have hitherto not been described 
in a member of the Salmonella group. In order to settle the matter 
of the purity of the strain, Dr. J7‘H. Mason kindly single-celled fresh 
cultures derived from a colony of each of the two types—i.e. from 
one colony agglutinating only with sera made against specific factor d 
and from another that flocculated solely with the anti-sera of specific 
factors en and eh. After plating the primary cultures obtained from 


Table 16a. 

Twenty-two colonies picked from the plate seeded with growth from 
the single cell obtained from colony 1, Table 15. 


No. of Colony. 

Typhi Serum. 

Onderstepoort 
or Potsdam 
Serum. 

1 to 21. 

+ ++ + 

0 

22. 

0 

+++H- 
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the single cells a number of well-isolated colonies were again picked 
into broth tubes and incubated at 37° C. for 5 hours—in order to 
reduce the lag phase in the growth the broth tubes were placed in 
a water-bath at 40° C. for 10 minutes before transferring them to the 
incubator. 

Pour single cells (a b c and d) obtained from colony 1, Table 16 b, 
were now cultivated separately in broth and plated. A number of 
colonies from each plate were picked into broth, incubated and tested 
against both d and en sera. The results are given in Table 17. 

Table 16b. 


Thirty colonies picked from the plate seedbed with the broth culture 
from single cell of colony 17, Table 15. 




Onderstepoort 


No. of Colony. 

Typhi Serum. 

or Potsdam 

Saline Control. 


Serum. 


1 to 28. 

0 

f M 4- 1 

i 

0 

; 

29 and 30. 

+ + + + 

0 

0 


Table 17. 


Single Cell. 


a 

a 

b 

b 

e. 


No. of Colony. 

Typhi Serum. 

Onderstepoort 
or Potsdam 
Serum. 

Ho 4. 

+ + ! ! 

0 

5 to 12. 

0 

i - f 1 1 

1 to 14. 

0 

! 4" 4*-}- f 

15. 

4* 1“ t 4~ 

0 

1 to 14. 

+ + H 

0 


0 

t* * 4-4- 

1 to 10. 

+ 4- + + 

0 


4--f-f- « complete flocculation after 30 minutes. 
0 = no flocculation after 18 hours. 


Therefore, these results clearly show that S. amersfoort is com¬ 
posed of two distinct “ H ” antigenic complexes, both of which 
occur in the specified phase; the second (d~) antigen, apparently 
corresponding to the a phase of Kauffmann and Mitsui (1930), is 
agglutinated with the “ H 99 serum of typhi and, as will be shown 
below, also with specific sera of other Salmonellas , Stanley and 
mnenchen , containing specific factor d, while the other component, 
the first (en-) antigen, apparently corresponding to the P phase of 
Kauffmann and Mitsui (1930), is agglutinated solely with potsdam , 
onderstepoort , and other sera containing aglutinins for the type 
factors en and eh (vide infra). Sera containing agglutinins for 
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factors en always give a much stronger flocculation than the anti-sera 
of factors eh. It has also been shown that single cells composed of 
either the one or other complex constantly give rise to daughter cells 
some of which resemble the parent cell antigenically, while others 
have adopted a new antigenic structure entirely different from that 
present in the parent. The latter daughter cells again give rise to 
offspring some of which resemble themselves, while others are like 
the parent. These mutations constantly proceed and cells containing 
either the one or other antigenic complex continually produce cells 
of both types, and neither the one nor the other type of cell has been 
found to breed entirely true. 

On single-celling the growth obtained from each of the two types 
of colonies serially three successive times, both variants constantly 
appear in the cultures arising from the single cells. 

The purity of the culture is therefore beyond dispute; it is the 
property of the bacterium of giving rise to two distinct types of 
variants in the specific phase that is responsible for the uncommon 
behaviour of the culture. The organism apparently does not occur in 
the non-specific phase. 

“ 0 ” agglutination .—Cross-agglutination tests were carried out 
with the heat-stable “ 0 ” antigens and “ 0 " sera of the different 
Salmonella type of the Kauffmann-White schema; also with S. 
aberdeen (Smith, 1934), S. poonae (Bridges and Scott, 1935) and S. 
onderstcpoort (Henning, 1936). The reactions are given in Table 18. 


Table 18 .—“ 0 ” Agglutination. 




“ 0 ’’—Antigen. 



Amers¬ 

foort. 

Potsdam. 

Muenchen . 

Onderste- 

poort. 

Branden¬ 

burg. 

Unabsobred Sera— 

Amerefoort b. 

800 

800 

200 

100 

0 

Potsdam s. 

800 

800 

— 

_ 

_ 

Muenchen s.. 

200 

— 

1.600 

_ 

_ 

Brandenburg s . 

0 

— 

— 

1.600 

Ondergtepoort g. 

50 

— 

— 

800 

— 

Absorbed Sera- 






Amersfoort s.a.b. Amersfoort 

0 

0 

— 

— 

_ 

Amersfoort s.a.b. Potsdam,, 

0 

0 

— 

_ 

— 

Amersfoort s.a.b. Muenchen. 

200 

— 

0 

_ 

_ 

Amersfoort g.a.b. Branden¬ 
burg . 

800 




0 

Potsdam s.a.b. Potsdam ,,.. 

0 

0 

_ 



Potsdam Amersfoort.. 

0 

0 


— 

— 

Muenchen s.a.b. Amersfoort, 

0 


800 

— 

— 


0 «* less than 1 1 50, —as not tested. 

In this table a. « serum; t.a.b. = serum absorbed by. 
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The results show that amersfoort “ 0 ” as well as potsdam “ 0 ” 
sera are completely exhausted for the homologous “0” antigen by 
amersfoort. In the same way both sera are exhausted by potsdam . 
The somatic “ 0 ” antigen of amersfoort must, therefore, be regarded 
as identical with that of potsdam , i.e., it is composed of factors VI, 


“ H 99 agglutination.— Flocculation, approximately equivalent 
in titre to that produced with the homologous antigen, was obtained 
with the specific sera of abortus equi , potsdam , brandenburg , dar-es- 
salaam , muenchen and typfu, but a much weaker agglutination 
resulted when the type of serum of onderstepoort , newport , reading 
or anatum was used for the test. In the same way amersfoort “ H ” 
serum agglutinated the specific antigens of abortus equi , potsdam , 
brand,enhurg , dar-es-salaam , Stanley , muenchen and typhi almost up 
to full titre, while its titre for type antigens containing factors eh 
was much lower. 

On absorbing amersfoort ‘ H ” serum with the specific phase of 
either potsdam (factors enlv ), brandenburg (factors enlv) or dar-es- 
salaam (factors enlw) the titre of the serum for one of the homologous 
specific antigens ( en -), ft phase, was reduced from 6,400 to approxi¬ 
mately 800, while the titre for the other homologous specific antigen 
(dr), a phase, as w r ell as for Stanley , muenchen and typhi (factor d) 
remained unaltered. When abortus equi (factors enx) was used for 
the absorption, the reduction in titre for the homologous en antigen 
(P phase) was almost complete, but still no noticeable decrease in 
agglutinins for the homologous d antigen (a phase) was effected; a 
small residue, however, remained which caused an incomplete agglu¬ 
tination with the e7&-variant (ft phase) of amersfoort . The cause of 
this flocculation is discussed below. 

On the other hand, when amersfoort “ H ” serum was absorbed 
with either Stanley , muenchen or typhi (factor d) most of the agglu¬ 
tinins for the one variant (d-) a phase, of amersfoort were removed, 
while the titre for the other homologous antigen (en-) ft phase, 
remained unaltered (Table 19). 

When either potsdam or brandenburg serum was absorbed with 
amersfoort , all agglutinins for amersfoort were removed, but the titre 
of the serum for panama (factors h) and london (factors h) was not 
affected. Moreover, the treated serum still agglutinated the 
homologous antigen although the flocculation was incomplete and the 
fluid remained turbid, due, no doubt, to the persistence of Ir 
agglutinins in the serum. Dar-es-salaam serum behaved in 
practically the same way, but amersfoort is apparently capable of 
removing all the agglutinins for the homologous antigen from 
abortus-equi serum. 

On absorbing either Stanley , muenchen or typhi serum with 
amersfoort , most of the agglutinins for the homologous “ H ” 
specific antigen were exhausted, muenchen serum being exhausted 
much more completely than either Stanley or typhi serum, while all 
the agglutinins for the second variant of amersfoort (factor d-) were 
removed. 
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0 = less than 1 : 30. * = partial flocculation, fluid remaining turbid. 

In this table s. = serum, s.a.b. = serum absorbed by. — = not tested. 
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0 = less than 1 : 50. * = partial flocculation, fluid remaining turbid. 

In this table 8. = serum, s.a.b. = serum absorbed by. — = not tested. 




















ANTIGENIC STRUCTURE OP SALMONELLAS. 


Discussion. 

These results show that Salmonella amersfoort contains two 
distinct antigenic complexes, the one, phase, corresponding to 
factors en of abortus-equi, potsdam , brandenburg and dar-es-salaam 
plus an additional factor, part of which apparently corresponds to 
factor x of abortus-equi ; the other complex, a phase, coincides largely 
with factor d of Stanley , muenchen and typhi. The additional factor 
is probably responsible for the residue of agglutinins left for the first 
(en-) antigen, B phase, after absorbing amersfoort serum with 
potsdam , brandenburg or dar-es-salaam; but, although factor x of 
abortus-equi apparently forms a part of this additional factor, there 
may be another component which is not present in abortus-equi . The 
fact that amersfoort exhausts all agglutinins from abortus-equi serum 
for itself as well as for the homologous specific antigen indicates that 
amersfoort contains all the specific antigenic components of 
abortuj-equi, i.e. factors enx\ but since abortus-equi fails to exhaust 
amersfoort serum completely for the homologous first (en-) antigen it 
is possible that this antigen of amersfoort contains a minor factor in 
addition to the enx of abortus-equi. 

After absorbing amersfoort serum with either Stanley, muenchen 
or typhi , a small residue is left which still agglutinates the homo¬ 
logous second (d-) antigen, a phase, but not the specific antigen 
(factor d) of either Stanley , muenchen or typhi. It is not quite clear 
to what this residue can be ascribed; whether it should be regarded 
as an extra factor in the second (d-) antigen, a phase, in addition to 
factor d of Stanley , muenchen and typhi, or whether it can be 
attributed to a trace of the first (en-) antigen, /3 phase, present in 
the emulsion of the second (d-) antigen, a phase, of amersfoort used 
for the test, is not certain. If the latter explanation holds it is 
likely that the agglutination occurring in amersfoort serum absorbed 
with abortus-equi is likewise due to an overflow of the second (d-) 
antigen, a phase, in the emulsion r of the first (en-) antigen, p phase, 
of amersfoort. 

Neither abortus-equi , potsdam , brandenburg , nor dar-es-salaam 
effected any reduction in the titre of amersfoort serum for the homo¬ 
logous second (d-) antigenic complex, a phase, or for the type phases 
of Stanley , muenchen and typhi. In the same way neither Stanley, 
muenchen nor typhi absorbed an appreciable amount of agglutinins 
from amersfoort serum fdr the homologous first (en-) antigen, fi phase, 
or for abortus-equi , potsdam , brandenburg and dar-es-salaam. 

When potsdam serum was absorbed by amersfoort all 
agglutinins for both amersfoort and abortus-equi were completely 
exhausted, but flocculation to nearly full titre was still effected with 
the specific phases of potsdam , brandenburg , panama and london. 
On reabsorbing the partly absorbed potsdam , serum with panama 
(factors Iv) no appreciable agglutination resulted when specific 
antigens of potsdam , brandenburg , panama and london were used. 
Amersfoort , therefore, removed only the agglutinins of factors en 
from the potsdam serum, leaving the agglutinins of factors Iv to the 
absorbed by panama . 
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The fact that amersfoort almost completely exhausted muenchen 
serum for the homologous specific antigen suggests that the second 
( d -) factor, a phase, is similar to the specific phase (factor d) of 
muenchen ; the small residues of agglutinins left in Stanley and 
typhi sera for their homologous specific antigens after absorption with 
amersfoort cannot be explained at present. 

Summary and Conclusions . 

A new type of Pathogenic, Salmonella for the fowl has been 
described. Its somatic “ 0 ” antigen corresponds with factors VI, 
VII of potsdam. Jt. occurs only in the specific phase, but its 
flagellar “ H M antigen contains at least two distinct and separate 
antigenic complexes, which commonly occur in organisms that are 
not even remotely related. The one complex (the first, e?/-, antigen, 
ft phase of Kautfmunn and Mitsui) contains factors erix, which 
represent also the factors of the specific* phase of ahortus-equi. The 
other complex (the second, ✓/-, antigen, a phase of Kauffmann and 
Mitsui) contains factor ✓/, which comprises the type phase of Stanley , 
muenchen and typhi. 

Single cells containing factors en.r, on multiplying, constantly 
yield variants containing factor d as well as offspring that retain 
antigenic complex eri.r. In the same way single cells containing 
apparently only specific factor d will bring forth new cells, most 
of which retain the parental antigenic structure, hut a small 
proportion of the progeny will acquire specific factors emr instead 
of d. 

When a broth culture of amersfoort in either the en.r or d phase 
and in an apparently pure form, is used for the preparation of sera, 
agglutinins of approximately the same tit re for both variants are 
produced in the sera. The purity of the phase culture must be 
judged by the agglutination test, using heterologous sera which 
contain agglutinins either against factors emr or d . 

As a Jesuit of the information given above the following antigenic 
structure is proposed for Salmonella amersfoort: 

Somatic “ 0 ” antigen—VI, VII. 

Flagellar “ II " antigen— 

(1) a phase of Kauffmanu and Mitsui— d- 

(2) & phasse of Kauffmaun and Mitsui— en,r. 

II. During the course of 19**17 uji outbreak of a fatal disease 
occurred among a group of adult fowls on a farm near Onderstepoort. 
The symptoms and lesions presented were indistinguishable from 
those of an ordinary virulent outbreak of fowl typhoid. The disease 
was investigated by my colleague, Mr. J. D. W. A. Coles, who made 
spleen cultures on agar from three birds; the cultures were handed 
to me for identification and I spread seed material from each culture 
on to MacOonkey’s bile-salt agar in Mason tubes. After 24 hours' 
incubation both small and large non-lactose fermenting colonies 
appeared in two of the Mason tubes. Some of these colonies were 
picked and mixed separately with drops of a pall in arum serum 
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dilution on glass slides. All the small colonies tested were readily 
agglutinated by the gallinarum serum, but all the large colonies 
failed to react with this serum. A pure culture of the small colonies 
was obtained and labelled culture 800. Several of the large colonies 
were now tested against various “ 0 ”, type and group sera. No 
agglutination, whatsoever occurred with any group serum, but some 
of the colonies flocculated when mixed with typhi and Stanley type 
sera, while others were agglutinated by type sera containing 
factors enx, enlr , enhv and eh (abortus-equi , potsdam , dar-es-salaam , 
understepoort). All the colonies tested were agglutinated bv <f 0 ” 
sera containing factors VI, VII (cholerae-suis, potsdam). Moreover, 
all the colonies tested were flocculated by amersfoort (i O ” and “ II ’’ 
mixed sera (factors VI, VII and d — enx). It appeared, therefore, 
from these preliminary tests that the organisms from the large 
colonies, labelled culture 359, were related to amersfoort , and a 
rabbit was immunised for the production of antiserum. 

When culture 359 was plated so as to give several well separated 
single colonies, like amersfoort , some of these were found to 
agglutinate only with a type serum containing factors enn\ enh\ 
enhc or eh ( abortus-equi , potsdam , dar-es-salaam or reading ), while 
others were flocculated only by type sera containing factor d (typhi, 
Stanley and mvenehen ). In order to make sure that the culture used 
was unquestionably pure it was single-celled. It was found that the 
single-cell obtained from the colony that was agglutinated by type 
sera containing factors en.r etc. produced daughter organisms which, 
on sub-cultivation, gave rise to colonies some of which agglutinated 
with enx sera, while others (about VI per cent.) were agglutinated 
by type sera containing factor d. Moi cover, the single-cell procured 
from the colony that was flocculated by type seia containing factor 
d yielded bacilli, which on sub-cultivation produced colonies 
occurring in both the phases (d and en.r). Some of the colonies 
(about 90 per cent.) were agglutinated only by sera containing 
factor d, while a smaller number were agglutinated by type sera 
containing factors enx, enh\ mihr or eh. The bacilli of culture 
359, therefore, also occwired in two specific phases, the <i and ft 
phases of Kauftmann and Mitsui (1930), the organisms which 
occurred iu the one phase constantly dissociating into bacilli which 
were present in both phases. As the organism occurred only in the 
specific phase the dissociation was confined to that phase; non¬ 
specific variants were not encountered at any time. 

In order to settle the identity of culture 359,’ agglutination and 
absorption tests were carried out as shown in Table 20\. After 
absorption tests had been performed with amersfoort the identity 
of the strain was determined, and no further tests were performed. 

The results of Table 20a show that amersfoort absorbed all the 
agglutinins (“ O *\ “ H ” d-type and “ H ” enx type) from the 
homologous serum as well as from 359 serum; on the other hand, 
359 completely exhausted both its own serum and amersfoort serum. 
Amersfoort (culture 336) and culture 359 should, therefore, be 
regarded as identical. But the original amersfoort (culture 336), 
was obtained in pure culture from dead chickens during a virulent 
outbreak of a septioaemic disease in very young chickens at 
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Amersfoort, while the present strain, culture 859, was isolated in 
conjunction with gallinarum (vide infra) from adult fowls suffering 
from a fowl typhoid-like disease. In the epizootic discussed above 
(1) and in my previous paper (Henning, 1987), amersfoort 88(1 was 
apparently the sole cause of the mortality in the chicks; but in the 
present outbreak it is not quite clear whether amersfoort 859 or 
gallinarum 300 was the primary cause of the disease. The probabi¬ 
lity is that gallinarum 860 was the more important etiological agent, 
and that amersfoort 859 gained admission into the body after its 
resistance had been lowered by fowl typhoid. 



Tabu? 20a. 
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Whereas the organisms comprising amersfoort culture 859 were 
motile, those of culture 300 , obtained from the small colonies, were 
noil-motile. Culture 300 was tested, thoiefore, both serologically 
and by means of fermentation reactions. The latter are given below 
(Table 25) and are txpical for gallinarum. Agglutination and 
absoiption tests were carried out with culture 300 and gallinarum 
43, obtained from the National Collection of Type Cultures, and the 
serum of the latter. An antiserum for culture 300 was not piepared, 
but a one-sided absorption was carried out and it was found that, 
like gallinarum 48, culture 360, completely removed all the aggluti¬ 
nins from the serum of gallinarum 43. Moreover, the latter serum 
agglutinated the “ 0 ” antigen of culture 300 up to full title 
(111600). Both serologically and by means of fermentation reactions 
(vide infra), therefore, culture 360 resembled gallinarum 43, and it 
should be regarded as a strain of gallinarum. 

The fermentation reactions of amersfoort culture 359 are also 
given below (Table 25). 

For purposes of comparison Table 20n is included in order to 
show the antigenic structure of different organisms that occur in 
the a and fi phases of Kauffmnnn and Mitsui. 
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Table 20b. 

Organisms known to show a-fi phase variation in their specific phases (partly after Kaufhnaim ancl Tesdal, 1937 ). 
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III. During spring of 1936 a very virulent epizootic occurred in 
a few day-old chicks at the School of Agriculture near Potchefstroom. 
Some of these chickens were forwarded to Onderstepoort for investi¬ 
gation and were examined by Mr. Coles, Chief of the Section of 
Poultry Diseases. Heart-blood and spleen cultures made by him 
yielded a pure growth of a gram-negative bacterium that was handed 
to me for identification. The organism was found to be very actively 
motile, and it did not ferment lactose. When it was tested against 
various “ 0 ”, type and group, sera by means of slide agglutination, 
it was readily agglutinated by “ 0 ” sera containing factors IV and 
V, by typhi-nvurium type serum and by group sera. The organism 
was also found to be di-pbasic, and the culture was labelled 357. A 
rabbit w f as immunised with a killed saline suspension of a fresh agar 
culture, and a good serum was obtained. As the preliminary test 
indicated that culture 357 is probably related to typhi-murium, cross¬ 
agglutination and absorption tests were first performed with this 
organism (Table 20c). 


Table 20c. 
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0 = 1 :100. On account of the high tit re of the typhi-murium tyjie and group 
serum a small residue (1 :100) of unabsorbed agglutinins were left after the absorption. 


The results of Table 20c clearly show' that the antigenic structures 
of culture 357 and typhi-murium (Glasgow) are identical; culture 357 
removed all the agglutinins (” 0 ”, type and group) from tyi'ln- 
murivm (Glasgow') serum, as w r ell as from the homologous serum, 
while typhi-mnrium (Glasgow) completely exhausted both its own 
serum and 357 serum. 

The agglutination (titre 1:100) which is recorded in the absorbed 
sera in columns 2 and 3 of Table 20c is attributed to the high titre of 
the unabsorbed serum; as stated above, sera of very high agglutina¬ 
tion titres are very unwieldy for absorption tests, because it is 
extremely difficult to remove the last trace of agglutinin, even when 
the homologous antigen is used for the absorption. 
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After several strains of pure culture of typhi-murium (867) were 
obtained from a number of the chickens, this organism was considered 
to be the etiological agent of the epizootic, and an attempt was made 
to determine the source of the infection. As the first deaths taph 
place only a few days after hatching, it was thought that ike infec¬ 
tion was probably obtained from the breeding hens through the eggs. 
Two successive slide agglutination tests were performed with the 
blood of the breeding stock; but both tests were negative and no 
carriers could be found among the hens. In the case of .ducks Warrack 
and Calling (1933) observed that infected eggs were laid only when 
the titre of the affected birds was high and that the agglutination 
titre of the sera obtained from reactors dropped considerably during 
the: course of the laying season. Whether the same condition holds 
for fowls cannot be stated at present, and it is not certain whether the 
existence of carriers escaped notice on account of the lateness of the 
tests—serological tests were performed only some weeks after typhi % 
murivm had been proved to be the cause of the epizootic. No eggs 
were available for examination for typhi-murium infection, and' 
Salmonellas could not be detected in the ovaries of any of the hens 
examined. The source of the infection, therefore, still remains 
obscure. 

IV. During the course of an investigation of another fowl 
typhoid-like epizootic among adult birds, Mr. Coles again made agar 
cultures from the heart-blood and spleen of the affectted birds, and 
handed these to me for further study. The cultures (three in number) 
did not appear to be pure, ami some seed material from each one was 
thinly spread on MacConkey’s bile-salt agar in Mason tubes. One 
of the cultures yielded only lactose-fermenting colonies and was 
discarded; but from both the others seveial large and small non¬ 
lactose fermenting colonies were obtained, suggesting the existence 
of a mixed infection. The small colonies were readily agglutinated 
by gall inarum serum; a iew ? of these were picked, cultured and 
labelled culture 415. The large colonies were tested against various 
“ 0 ”, type and group serum dilutions on glass slides. A distinct 
fine granular agglutination was 'obtained with the “ 0 ” sera of 
senftenberg and anatum ; coarse floccules were produced by group sera 
(e.g. cholerae-suis var. Kunzendorf serum) and by neAcport , reading , 
onderstepoort and anatum type sera. Some of the large colonies were 
sub-cultured and labelled culture 414, and a rabbit was immunised 
with it. The preliminary testR showed that vulture 414 w r us related 
partly to senftenberg and anatum on account of its “ 0 ” antigen and 
partly to newport , reading , onderstepoort and anatum on account of 
its “ H ” specific antigen, and that it was di-pkasic. Cross aggluti¬ 
nation and absorption tests were, therefore, performed, first with 
culture 414, anatum and senftenberg (Table 20 d). 

The results of Table 20n show that culture 414 has the same 
antigenic structure as anatum i. Culture 414 completely absorbed all 
the agglutinins (“ 0 ”, type and group) from anatum serum, as well 
as from the homologous serum, while anatum completely exhausted 
the sera of culture 414 and of itself. Anatum var. muemter com¬ 
pletely exhausted both the “ 0 ” and specific agglutinins from 414 
serum, but it merely reduced the non-specific titre from 6,400 to 1,600. 
Culture 414 should, therefore, be regarded as a strain af anatum. , 
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Culture 414, obtained from the small colonies, was tested against 
gallinarum 43 serum and was agglutinated by it to full titre 
(1:1,600); it also completely absorbed gallinarum 43 serum, showing 
that it contained the same antigenic; components as gallinarum . The 
fermentation tests given below (Table 25) are also typical for 
gallinarum . Culture 415 should, therefore, be regarded as a strain 
of gallinarum . Antiserum for culture 415 was not prepared and the 
absorption test performed was one-sided. 

In this outbreak also it is not certain whether anatum culture 
414 or gallinarum 415 was the primary cause of the disease. Salmo¬ 
nellas were found in two cultures only—three were made—and both 
contained anatum as well as gallinarum . On account of the fre- 

a uency of gallinarum infection, however, and on account of the pre- 
ominence of gallinarum colonies in the first subcultures made, it 
seems probable that the organism of fowl typhoid was the mam etio¬ 
logical agent in this outbreak. 

In addition to these outbreaks of Salmonella infection in poultry, 
149 epizootics of fowl typhoid and 55 outbreaks of disease in young 
chicks were also investigated. In most of the cases heart-blood and 
spleen cultures were made by Mr. J. D. W. A. Coles and submitted 
to me for identification. Some of the cultures were made by me 
personally, and culture 206 was obtained by Ur. Martinaglia from 
one of a number of chicks thought to be affected with bacillary white 
diarrhoea. On plating culture 206 I noticed that both large and 
small colonies appeared on the agar within 24 hours. As large and 
small colonies have frequently been observed in cultures of ptdlorum 
that were unquestionably pure, especially after allowing the cultures 
to stand a day or two at-Toom temperature, the existence of a mixed 
infection was not suspected; nevertheless, a few of the small, and 
some of the large colonies were picked and cultured separately. The 
large colonies yielded a dense growth of actively motile organisms, 
while the small colonies gave rise to a much poorer growth of noil- 
motile bacteria. In order to determine the purity of the two cultures, 
my colleague. Dr. J. II. Mason, kindly undertook to single-cell them; 
the growths obtained from the single-cells were labelled culture 207 
and culture 208 for the non-motile and motile bacteria respectively. 

The two cultures were now tested against various “ 0 ”, type 
and group sera. Culture 207 was agglutinated only by “ O ” sera 
containing factor IX, while culture 208, which proved to be mono- 
phasic, was flocculated by “ H ” sera containing factor d, as well as 
by “ 0 ” sera with factor IX. 

With a view to carrying out complete absorption tests, antisera 
were prepared against both culture 207 and 208. But as culture 208 
was agglutinated with sera containing "0" factor IX and “ H ”- 
specific factor d, it was evident that the organisms comprising the 
culture were closely related to S. typhi, which contains both these 
components. Absorption tests were, therefore, performed with 5. 
typhi, as shown in Table 21. 

The results of these tests clearly show that culture 208 absorbs 
all agglutinins (** 0 ” and “ H ”) from S. typhi serum, as well as 
ftom its own serum, while S . typhi completely exhausts both the 
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homologous serum and 208 serum. Culture 208, therefore, has the 
same antigenic structure as S . typhi , and should be regarded as a 
strain of this organism. S. typhi is not regarded as a pathogen for 
poultry, and it is not known to be carried by fowls. It is true that 
Emmel (1936) claims to have isolated S. typhi , S. paratyphi-A y 
S. paratyphi-B and other salmonellas from the intestinal contents of 
fowls suffering from enteritis due to coccidiosis or verminosis, but 
he gives no information on what basis the organisms were recognised, 
and his conclusions require confirmation before they can be accepted. 
For comparison see biochemical tests in Table 25. 
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by Typhi. 

Typhi 
Serum 
Absorbed 
by 208. 

Typhi 

Serum 

Un- 

absorbed. 

208 
Serum 
Absorbed 
by Typhi. 

208 
Serum 
Absorbed 
by 208. 

208 

Serum 

Un- 

absorbed. 

Typhi “O” . 

0 

0 

3,200 

0 

0 

1,600 

Typhi “H”. 

0 

0 

25,600 

0 

0 

12,800 

208—“ O ". 

0 

0 

3,200 

0 

0 

1,600 

208—“H”. 

0 

0 

25,600 

0 

0 

25,600 


0 — lew than 1:100. 


As culture 207 was readily agglutinated by “ O ” sera containing 
factor IX, and as pullorum infection was suspected, absorption tests 
were performed with S. pullorum , which like culture 207 is 
non-motile. The results, which are given in Table 22, show that 
culture 207 absorbs all the “ O ” agglutinins from pullorum serum 
and that pullorum completely exhausts the serum of culture 207. But 
pullorum and gallinarum have the same somatic antigenic 
components, so that it is not possible to determine by means of a 
serological test alone to which of these two types culture 207 belongs; 
a final differentiation can be made only by means of fermentation 
testB (Table 25). According to these tests culture 207 corresponds to 
Salmonella pullorum . 

Table 22. 


Antigen. 

Pullorum 

Serum 

Absorbed 

by 

Pullorum . 

Pullorum 

Serum 

Absorbed 

by 

207. 

Pullorum 

Serum 

Un- 

absorbed. 

207 

Serum 

Absorbed 

by 

Pullorum. 

< 

207 

Serum 

Absorbed 

by 

207. 

207 

Serum 

Un¬ 

absorbed. 

Pullorum “O”... 

0 

0 

3,200 

0 

0 

3,200 

207—“ O ”. 

0 

0 

3,200 

0 

0 

3,200 


0 = less than 1 : 00. 

PuMorum « Pullorum Bb 26 of the N.C. of type cultures. 


Discussion . 

Of the 139 outbreaks of fowl typhoid 137 cultures were obtained 
from fowls and two from turkeys. Against four of these, antisera 
were prepared for the purpose of performing absorption tests with 
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strains of gallinarum and pullorum, obtained from the National 
Collection of Type Cultures of the Lister Institute. In Table 23 the 
results are given which were obtained with culture 29; the 
results obtained with the other three cultures (249, 314 and 340) are 
similar, but are not given. Table 23 shows that culture 29 absorbs 
all the “ 0 ” agglutinins from gallinarum serum, as well as from 
the homologous serum, while gallinarum exhausts both its own serum 
and 29 serum. Similar results were obtained when pullorum serum 
was substituted for gallinarum serum, and pullorum cultures used 
for the absorption tests instead of gallinarum. Cultures 29, 249, 
314 and 340, therefore, resemble both gallinarum and pullorum 
serologically, but their fermentation reactions (Table 25) corresponded 
to those of gallinarum , so that they should be regarded as strains of 
gallinarum . The other 135 cuitures were used for unilateral 
absorption tests of gallinarum serum, and were found to remove all 
the “ 0 ” agglutinins from the serum; the fermentation reactions 
of all these cultures also resembled those of gallinarum. 


Table 23. 


Antigen. 

Galli¬ 

narum 

Serum 

a.b. 

GaUi- 

narum. 

1 

GaUi- 
narum 
s. a.b. 
29. 

Galli¬ 
narum 
b. Unab- 
sorbed. 

i 

29 g. 
a.b. 
Galli¬ 
narum. 

29 s. 
a.b. 

29. 

29 b. 
Unab¬ 
sorbed. 

Gallinarum 

“0”. 

0 

0 

1,000 

0 

0 

1,600 

29—'“0”. 

i 

0 

0 

__i 

1,600 

0 

0 

1,600 


Gallinarum = gallinarum 416 of N.C. of typo cultures. 
0 — less than 1 in SO. 
a.b. — absorbed by. 
s. = serum. 


A study was also made of 55 cultures obtained from a number 
of few day old chicks suffering from an acute disease, and from 
the ovaries of hens that gave a positive agglutination test for 
pullorum . Against three of these, cultures 317, 322, and 436, 
antisera were prepared for absorption tests. The results, which-are 
given in Table 24, show that culture 317 removes all the “ 0 99 
agglutinins from pullorum serum and from the homologous serum, 
while pullorum also completely exhausts both these sera. Similar 
results were also obtained with cultures 322 and 436 and pullorum. 
When gallinarum was substituted for pullorum identical results were 
obtained, so that identification of the cultures could not be made 
entirely on the basis of the serological test—fermentation tests were 
necessary for the complete differentiation between gallinarum and 
pullorum ; these are given in Table 25. Unilateral absorption tests 
were performed with the other 52 cultures and pullorum or gallinarum 
serum, resulting in the complete absorption of the sera. But when 
fermentation tests were carried out, it was found that the reactions 
of 42 of the cultures resembled those of pullorum, while the other 
10 corresponded to gallinarum. 
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Table 24. 


Antigen. 

PuUorum 

Serum 

Absorbed 

by 

PuUorum. 

PuUorum 

Serum 

Absorbed 

by 

317. 

PuUorum 

Serum 

Un¬ 

absorbed. 

317 

Serum 

Absorbed 

by 

PuUorum. 

317 

Serum 

Absorbed 

by 

317. 

317 

Serum 

Un¬ 

absorbed; 

PuUorum “ 0 2’... 

0 

0 

3,200 

0 

0 

1,600 

317—" 0 ”. 

0 

0 

3,200 

0 

0 

1,600 


Puliorum — PuUorum Bb. 26. 
0 = less than 1 in 50. 


Recently I have studied a culture of puliorum isolated from the 
spleen of a duck by a colleague, Mr. Haig. 

According to the fermentation relictions, therefore, 45 of the 
cultures from few day old chicks and infected ovaries of adult hens 
should be regarded as puliorum , while the other 10 cultures fall under 
gallinarum. The clinical symptoms and lesions presented by the 
chicks from which puliorum cultures were isolated did not differ 
materially from those which yielded cultures of gallinarum . A 
diagnosis of infection with either gallinarum or puliorum in very 
young chicks should, therefore, not be made, unless fermentation 
tests have been carried out, as well as serological tests. 

The fermentation reactions given in Table 25 include the 
rhamnose test of Bitter, Weigmann and Habs (1926), the glycerin- 
f'uchsin-broth test of Stern (1916) and the d-tartrate test of Jordan 
and Harmon (1928). By using solid agar media advised by Jordan 
and Harmon more clear-cut results were obtained than with the fluid 
media of Silberstein (1931); in positive reactions the colour of the 
(phenol-red) was changed yellow by the acid formed. The the extent 
to which this discolouration of the agar occurred varied even with 
different strains of the same organism; stab cultures were made and 
the discolouration started from the inoculum, spreading from this 
point iu all directions. In some cases barely a quarter of the 
medium was changed, while in others as much as a half or three- 
quarters had turned yellow. 

Fifty of the strains labelled dublin gave negative tests with 
Bitter’s rhamnose and Stern’s glycerin-fuchsin-broth; with the 
d-tartrate test of Jordan and Harmon the indicator was changed 
yellow about half-way down the tubes (+ +) in 14 cultures, and 
about one quarter down the tube (-f) in the remaining 36 cultures— 
47 of the cultures were not tested with these media. # Out of 97 
cultures, 76 were arabinose negative and 21 were positive after 5 
days incubation; 79 were rhamnose positive and 18 were negative 
after 48 hours incubation. But the rhamnose was generally 
fermented after 4 or 5 days in the incubator. The antigenic structure 
of all the 97 strains was identical with that of 5. enteritidds var. 
dublin. 


164 






domestic animals and birds in South Africa . 


11. W. HENNING 


s 

£ 


'S 


CD 



3 


«9 

Jk. 




165 








































ANTIGENIC STRUCTURE OF SALMONELLAS. 


For comparison five stock strains of dublin were studied. Of 
these Pesch 256, Cambridge 1 and Topley were positive with Stern’s 
gly cerin-f uschin-broth, while dublin (Knox) and Paracoli (Savage) 
255 gave a negative reaction. All five reacted negatively with 
Bitter’s rhamnose and positively with Jordan and Harmon’s 
d-tartrate. On comparing the antigenic structure of Cambridge 1 
and Topley with that of dublin (Knox) by means of agglutination 
and absorption tests the three cultures were found to be identical; 
both Cambridge 1 and Topley completely exhausted dublin (Knox) 
serum. 

Of the three strains which corresponded antigenically to S. 
enteritidis all gave a positive reaction to Bitter’s rhamnose, two 
(cultures 290 and 418) reacted positively with Stern’s fuchsin-broth 
and one (culture 216) failed to change it. All three cultures were 
positive with Jordan and Harmon’s medium. The three stock 
strains, M.7. and D.5, and Weybridge gave a positive reaction with 
Bitter’s rhamnose, Stern’s fuchsin-broth and Jordan and Harmon’s 
d-tartrate. 

Of the 13 strains which were antigenically identical with typhi - 
murium (Glasgow) all were Stern and d-tartrate positive, twelve 
were Bitter positive and one (culture 357) was Bitter negative. 
Eight of the cultures were inosite positive and two (strains 357 and 
502) were negative; nine were positive and one (strain 357) was 
negative with rhamnose, while all the ten tested fermented 
arabinose. Culture 357 was both rhamnose and inosite negative. 
Moreover, a complete mirror absorption test performed with culture 
357 (Table 20c) showed without doubt that it is a strain of typhi- 
murium. Of the typhi-murium stock strains tested all five were 
Bitter and d-tartrate positive, three (Mutton 74, Glasgow and 
Weybridge) were Stern positive, while two (Binns and Breslau) were 
Stern negative. 

The one strain of typhi-murium var. Copenhagen-Storrs- 
(culture 478) studied gave positive Bitter, Stern and d-tartrate 
reactions. It fermented both inosite and maltose, but not arabinose; 
while the stock strain Storrs 19500 fermented arabinose and inosite, 
but not maltose; it was also Bitter and d-tartrate positive, but 
Stern negative. The two strains of Copenhagen (659 and 1147) both 
fermented maltose and arabinose but not inosite; both were Bitter, 
Stern and d-tartrate positive. Antigenically, however, Copenhagen 
(Storrs) 478, Storrs 19500 and the two strains of Copenhagen were 
identical (Table 12). 

For comparison 5 stock strains of paratyphi-B were included in 
the test. Of these three (D.C., Grey and Odense) were Stern positive 
and two (Schottmuller and Lowestoft) were negative; only one 
(Grey) was Bitter positive, the other four were negative. All five 
reacted negatively with Jordan and Harmon’s d-tartrate. 

The six strains which resembled cholerae-suis (Kunzendorf) 
antigenically were all Bitter and d-tartrate positive but Stern 
negative. 

There was only one culture (strain 391) which had the same 
antigenic structure as bovis-morbificans* Like the original culture 
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of Basenau it was Bitter, Stem and d-tartrate positive, but the 
strain of Sladden and Scott differed from it on account of its negative 
Bitter reaction. 

The strain of anatum (culture 414) studied gave a positive 
reaction with Bitter, Stem and d-tartrate, resembling, therefore, 
the two stock strains (3701 and 3702). 

Like abortus-equi W.H.2, the one strain (culture 219) studied 
reacted positively to Bitter and d-tartrate, but negatively to Stern’s 
glycerin-fuchsin-broth. It was found to be anaerogenic. 

Both strains of timersfoort and the one of onderstepoort were 
positive with Stern, Bitter and d-tartrate. 

All the forty gallinarum strains tested gave a negative reaction 
with Bitter and Stern, but a positive one with Jordan and Harmon's 
d-tartrate. Out of 139 strains 119 fermented arabinose, while 20 
failed to do so after 4 days. All the cultures fermented rhamnose, 
but in the case of 17 of the strains the fermentation was delayed. 
All were dulcite and maltose positive. 

The fifteen strains of pullorum tested all failed to react on 
Bitter, Stern or d-tartrate. Thirty-seven of the 45 strains fermented 
arabinose, but 8 failed to do so. All the 45 strains fermented 
rhamnose, but in 10 the reaction was delayed. All were dulcite 
and maltose negative, and all 45 strains were anaerogenic*. (Itecently 
a few aerogenic strains were isolated.) 

For the differentiation of S. gallinarum and S. pullorum the 
cysteine-gelatin medium of Hinshaw and Bettger (1936) was tried, 
but the organisms failed to grow in the medium so that no change 
could be detected in the tubes. The cysteine used was freshly 
prepared. 

Only one strain of S . typhi was studied. The original culture, 
obtained from a chicken by Martinaglia, was found to be composed 
of a mixture of two organisms when I received it; the one non- 
motile and the other motile. After “ single-celling ”, the non- 
motile culture was labelled “ strain 207 ” and the motile one 
“ strain 208 The former resembled pullorum and gallinarum 
antigenically (Table 22) and pullorum biochemically; while culture 
208 was found to have the same antigenic structure as typhi (Table 
21). The fermentation reactions of the latter, however, did not 
altogether correspond to those of the stock strains of typhi employed. 
Like typhi , culture 208 was Bitter and Stern negative, and d-tartrate 
positive. Four years ago culture 208 fermented dulcite slowly, and 
maltose within 24 hours, but at present it fails to ferment dulcite 
and the fermentation of maltose is delayed for about five days. All 
the stock strains of typhi used fermented maltose within 24 hours, 
but failed to ferment dulcite. The fermentation reactions of culture 
208 are, therefore, not quite typical of typhi, but its antigenic 
structure is identical with that of this bacterium. ^ When it was 
found that a change had occurred in the fermentation reactions of 
culture 208 after four years, the serological tests were repeated. 
The results of these tests show that the antigenic structure of culture 
208 has remained unaltered, and that it still resembles typhi. 
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When the biochemical reactions of the different types of 
( Salmonellas . studied are compared with their serological reactions 
very marked differences may be exhibited by several strains belong¬ 
ing to the same serological type. For example, some striking 
variations in their fermentation reactions were manifested by the 
four strains of typhi-murium var . storrs (Copenhagen) studied; the 
one strain 478 described by me and the other 3 stock strains. All 
four gave positive Bitter and d-tartrale tests; three (Storrs 478 and 
Copenhagen 659 and 1147) were Stern positive and fermented 
maltose, while one ( Storrs 19500) gave a negative reaction to these 
tests. Two ( Storrs 478 and 19500) were inosite positive and two 
(Copenhagen 659 and 1147) were negative. All four were antigeni- 
cally identical (Table 12). 

Analogous variations have been observed in the case of typhi - 
murium , paratyphi-B , enteritidis , enteritidis var. dublin 9 bovis - 
mofbificans and, to a lesser degree with typhi f pullorum and 
gallinarum . 


SUMMARY. 

Altogether 318 strains of Salmonella from different species of 
animals have been studied. The antigenic analysis obtained is 
summarised in Table 26 and the biochemical reactions are given in 
Table 25. 

The results recorded in Tables 25 and 26 therefore, show that 
the biochemical reactions of Salmonellas, although very useful as 
complementary tests, cannot be solely relied upon for the identifica¬ 
tion of the type or species of organism. Many of the types which 
were indistinguishable on serological grounds were found to differ 
in their fermentation reactions, whereas others which differed 
markedly in their antigenic composition showed identical biochemical 
reactions. For the recognition of the type of Salmonella studied, 
reliance can be placed only on the antigenic analysis of the bacterium 
by means of carefully performed serological tests. 
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Onderstepoort. 


In a previous paper (193(1) the authors reported on anthelmintic 
tests with tetrachlorethylene against the hookworm Gaiyerw 
pachyscelis and other nematodes of sheep. In this connection it 
was mentioned that a mixture of the drug with mineral oil had 
two distinct disadvantages, viz. that fumes of the drug tended to 
cause coughing and choking when the sheep were not drenched very 
carefully and that the rapid absorption of the drug from the digestive 
tract produced giddiness and anaesthesia. Brief information was 
further given oil attempts to overcome these difficulties by 
emulsifying the tetrachlorethylene and some success had been 
obtained with an ordinary soap emulsion. 

In this paper it is intended to report on the further develop¬ 
ment of tetrachlorethylene therapy against the Gaiycria hookworm 
and other worms incidentally affected. 

The soap emulsion beforemcntinned overcame the trouble of 
coughing and choking, but it was not satisfactory for several reasons. 
When shaken, this emulsion formed much forth, which led to 
inaccuracies in its use. It had to be made and diluted with distilled 
or very soft water. It broke in the abomasum and so did not prevent 
giddiness due to rapid absorption. A stable emulsion of 
tetrachlorethylene alone could not be obtained, so that liquid paraffin 
bad to be added, thus increasing costs and volume for transport. 

In the further investigation it was attempted roughly to 
standardise the technique used, in order to obtain a basis for 
comparison of the different emulsions made, in regard to their 
physical properties. A stirring apparatus was made, consisting of 
a vertical shaft carrying two small propellers, of which the lower 
one produced an upward and the upper one a downward current. 
The distance between the two propellers on the shaft could be altered. 
The shaft was revolved at a rate of about 300-400 r.p.m. by a small 
electric motor taken from an old fan. The speed would naturally 
vary with the viscosity of the emlusion. The stirrer worked in a 
glass cylinder which was slightly wider than the width of the 
propellers. 
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It is obvious that the apparatus is uot comparable in efficiency 
to modern emulsifying machinery and that a very high dispersion 
cannot be obtained with it, but it proved to be a satisfactory 
instrument for preliminary tests. 

When an emulsion had been made a small sample was diluted 
with water on a slide and the size of the particles was measured 
under the microscope. Another sample was diluted with 4-10 parts 
of tapwater (which is fairly hard) to test the effect of such dilution 
on the emulsion and to observe the rate of precipitation on standing. 
Further samples were mixed with 1 and 1*5 per cent, concentrations 
of hydrochloric acid. In general the effect of a 1*5 per cent, 
hydrochloric acid solution on such an emulsion was found to be 
similar to the effect of fresh abomasal juice of sheep. The effect 
of the latter itself was also tested on various occasions. Further 
samples of the emulsion were left standing in order to determine 
their keeping qualities and samples were also placed in a 
refrigerator to test the effect of low temperatures. 

It is not intended here to present a full report on all the 
substances tested as emulsifiers and stabilisers, but it should be 
mentioned that many were tried, including substances now widely 
used in emulsification, such as sulphouated castor oil, triethyno- 
lamine, silicates, etc. The result of these investigations was an 
emulsion of tetrachlorethylene, made with a resin soap as emulsifier 
and casein as stabiliser, described below 7 . In arriving at a decision 
as to the most suitable form of emulsion, the main factors considered 
were simplicity, cheapness both in manufacture and transport, 
keeping qualities and above all suitability for the purpose in view 
as well as efficacy against the parasites. 

Resin soaps have been and are being used in the manufacture 
of many emulsions. They are easy to make and have one particular 
advantage that they can be diluted with any ordinary water, since 
tBe calcium and magnesium ruinates are soluble in w r ater. 

Casein as stabiliser is also well known. It is cheap, since only 
small quantities are required, and it can be readily incorporated 
in the resin soap. As stabiliser for the tetrachlorethylene emulsion 
it is qiiite satisfactory and it plays an important part in retarding 
absorption of the drug, as will be mentioned later. 

Resip poap alone does not produce a satisfactory emulsion, 
because it is broken by acid, although in other ways the emulsion 
is not a bad one, as is shown by the following example: — 

Emulsifier: Water 800 c.e., NaOH 5 gin.’, Resin 40 gm. 

Emulsion: Emulsifier 50 c.c., Tetrachlorethylene 150 e.c. 
A moderately thick emulsion (pours well but flows 
slowly). 

Particles: Mostly very small, largest measuring 6*5 fi. 

Dilution: No change; precipitation 1/60 in first hour in 1:4 
dilution. 

Acid resistance: 1-5 per cent. HC1 breaks emulsion 
immediately. 

Keeping qualities: After 14 days no change, then discarded. 
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Series of emulsions with resin soap and casein were made in 
order to determine the most satisfactory proportions of each of the 
ingredients, particularly in the emulsifier. 

Resin ,—The quantity of resin used is of no great importance 
above a certain minimum. Excess of resin, above the minimum, 
if it is all saponified, will produce a thicker emulsifier and a thicker 
emulsion, but no important change in the size of the particles. The 
emulsion, however, soon becomes so thick that it does not flow 
readily and is therefore unsatisfactory in practice. If not saponified, 
excess resin is dissolved by the tetrachlorethylene, also producing a 
thicker emulsion. The quantity of resin determined as optimal in 
laboratory tests was 5 per cent, of the emulsifier. 

Casein .—The optimum quantity of casein corresponds to the 
quantity of resin used and is also 5 per cent, of the emulsifier. 
A smaller quantity produces a thinner emulsion and the particle 
size increases. A larger quantity produces a thicker emulsion 
without decrease in particle size. 

Alkali .—The quantity of alkali must be exactly sufficient to 
combine with the resin and casein, leaving no excess of free alkali 
in the emulsifier. Too little alkali will leave unsaponified resin 
and uncombined casein and produces a thinner emulsion which 
does not keep well. Excess alkali also produces a thinner emulsion 
and, although the particle size is also decreased, the emulsion has 
poor keeping qualities. The correct quantity of alkali would have 
to he determined for each sample of resin used, as it would vary 
with the saponification value of the resin. If a highly saponifiable 
resin is used, the quantity of alkali required for 5 per cent, resin 
and 5 per cent, casein is equivalent to 0 75 per cent. JfaOll, all 
in relation to the total quantity of the emulsifier. Ammonia and 
sodium carbonate were tried as alkalis, but there is no particular 
advantage in using them and consequently NaOH was decided upon. 

The emulsifier was eventually made as follows:—To 500 c.c. 
tapwater, heated to 70° C., is added 6 gin. NaOH and then 40 gm. 
casein is rapidly stirred in. The casein should contain as little fat 
as possible and should dissolve readily. The solution is then heated 
to 85° (!. and 40 gm. ground resin is stirred in rapidly. A highly 
saponifiable resin should be used, such as is used in most soap 
factories. It should not be ground to a fine powder, else it will 
tend to form lumps which dissolve slowly. A coarsely ground resin 
forms no lumps and dissolves readily. The solution should be kept 
at 85° 0. and stirred for about 15-20 minutes until complete 
combination of the alkali with the other ingredients has occurred, 
it is then made up to 800 c.c. with cool water. 

In the laboratory, with the apparatus described, an emulsion 
of suitable thickness and maximum particle size of 5 g is obtained 
with 25 per cent, emulsifier and 75 per cent, tetrachlorethylene. 
Samples of such emulsions made over 2 years ago are still keeping 
well and appear to be unaltered in all respects. 

When the process was repeated on a large scale and using a 
colloid-mill type of emulsifying machine, it was found that 
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incorporation of air into the emulsion during the process of mixing 
must be guarded against, since small air-bubbles will hang on in 
the emulsion and cause it to break after some weeks. 

In order to obtain a moderately thick, stable, stock emulsion 
the tetrachlorethyleno has to be added to the emulsifier in successive 
small quantities while mixing proceeds, and this is especially 
important in the initial stages. If the requisite quantities of alkali, 
casein and water are mixed with tctrachlorethylene which contains 
the correct quantity of resin in solution, emulsification occurs 
rapidly simultaneously with saponification of the resin. The 
emulsion, however, does not keep well, probably on account of the 
fact that saponification is not complete and some alkali remains 
free. 


The emulsion described above can be diluted with any ordinary 
w'ater. It causes no coughing if it is properly administered. Mixed 
with 15 per cent, hydrochloric acid or aboniasal juice, the emulsion 
does not break, but the casein is precipitated in floecules which, 
when examined microscopically, appear like a thick emulsion anil 
contain the particles of tctrachlorethylene in the same finely 
dispersed state in which they existed in the original emulsion. It 
is probably this reaction which retards absorption to some extent 
and prevents giddiness, because the tetrachlorethylene will most 
likely be released gradually from the floecules of casein as the 
latter become digested. 

The emulsion is issued in the concentrated form and is diluted 
with an equal quantity of water before use. The dose for an adult 
sheep is 20 c.c. of the diluted emulsion—i.e. 7-5 e.c. tetrachlore- 
thylene—for lambs of 6-12 months old 15 c.c. and for lambs of 
3-6 months old 10 c.c. The remedy is given after a preliminary 
dose of 2*5 c.c. 10 per cent, copper sulphate, so that it should 
be swallowed into the abomasum. It is not necessary to starve the 
animals or to keep them from water, but the treament should be 
carried out in the late afternoon or early morning when it is cool 
and the animals should be handled quietly. 

Experience so far obtained with this emulsion indicates that 
it is very safe. Tetrachlorethylene is apparently not very harmful. 
Beyond anaesthesia, from which animals recover if they are left 
undisturbed when they lie properly, no harmful effects have been 
noticed. An unsatisfactory emulsion may break, and, if this is 
administered by an unsuspecting farmer, coughing and choking with 
ill results may follow, but a good emulsion can be recommended 
with safety according to present experience. 

The emulsion has been found to be effective against Haemonchus 
contortus, T rich outran gylus spp., Nematodirus , Gaigeria pachyscelis 
and Bunostomvm trigonocephalum in sheep. It has not been tested 
against Ostertagia localise sheep infected with these parasites were 
not available, but it is quite possible that it may be effective also 
in this case. Against Buno&tomum the emulsion is not as effective 
as against Gaigeria , possibly on account of the fact that the former 
parasite is normally located farther back in the small intestine than 
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the latter and less of the drug reaches it. Against Oeaophagostomum 
columbianum the efficacy is low and very variable on account of 
rapid absorption of the drug from the small intestine. The addition 
of 1 c.c. of croton oil to each 10 c.c. of undiluted emulsion increases 
its efficacy against the nodular worm, but it is very debatable 
whether this is due to tetrachlorethylene or to the purgative action 
of the croton oil and whether it is desirable to administer croton 
oil to sheep suffering from oesophagostomiasis, especially if one 
considers the condition of their intestines. 


Si’MM ART. 

An emulsion of tetrnchlorethylene is described, which is 
effective against hookworms in sheep (Gaiyeria and Runoutornum) 
and against flaemonchus , Trie host rongijlm and Mematudirus. The 
emulsion does not cause coughing and choking when it is 
administered with reasonable care and does not produce giddiness 
since absorption is somewhat rertarded. The factor of safety is 
relatively high. 
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Ik his study on the variations in mictiou of rats to different diets 
Bloomfield (1937) observed that when a series of rats of the same 
breed and of approximately the same age was placed on a defective 
diet, there were great individual variations in weight loss, 
llepelitions ot the experiments after weight loss had been restored 
by a normal diet showed that, on the whole, the animals which lost 
most weight in the first instance did so again and rice versa. In a 
further study French and Bloomfield (1937) stated that “ rats which 
have lost weight as the result of a defective diet and have then been 
restored to * normal ’ by stock ration show a more rapid weight loss 
it now' placed for a second time on the same defective diet. This 
‘ secondary rapid weight loss ’ may occur after as long an interval 
as SO days between the first and second periods on defective diet ". 
The authors, therefore, believe that they have established what may 
perhaps be called a state of “ latent deficiency Unfortunately. 
French and Bloomfield did not measure the food intake and they did 
not state whether their animals were kept on screens or whether they 
were allowed access to their excreta. 

Inasmuch as South Africa is known for its periodical droughts 
and adverse seasons, a large percentage of the livestock in this country 
must sometimes exist for prolonged periods on food probably very 
deficient in one or more respects. If such periods follow one another 
in close succession, as is sometimes the case, and if the observation of 
French and Bloomfield also holds true for farm animals, it is obvious 
that this phenomenon should be of great importance to the livestock 
industry in this country. The following experiments were planned, 
therefore, with the object of further investigating this problem. 

Experimental. 

Young mature rats of the same breed and of approximately the 
same age were used in these experiments. They were raised on the 
colony stock ration used in this laboratory. Before being put on the 
defective diets, they were fed for one w*eek on the synthetic 
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(experimental) stock ration used in these experiments. The rats 
were then fed, in addition to distilled water, diets * that were 
defective in various respects. The number of rats on each diet varied 
from 12 to 24 with an even number of males and females in each 
gi'oup. Each rat was housed in a separate cage and, with the 
exception of experiment IV, kept on a wire screen. The animals 
were weighed every other day but were fed daily and the total 
individual food consumption for every two days recorded. The 
composition of the stock and defective diets is given in Table I. 

TABLE I. 

Composition of Hattons in Percentage by Weight. 


Yellow maize meal. 

Linseed oil moal. 

Crude casein. 

Dried brewers’ yeast. 

Lucerne meal. 

Butter fat. 

Beef liver (dried at 70° C.) 

Bone ash. 

Cod liver oil. 

CaC0 8 . 

NaCl. 

Doxtrinized Bfcareh. 

Lard. 

Salt 40J. 

Agar. 


* Plus tap water and fresh 

t The experimental stock ration used by French and Bloomfield to restoiv their 
depleted animals to norma! weight was the same as that of Addis and co-workers (1926). 
The ration consists of maize starch 44, casein 16, lard 14, cod liver oil 10, salt mixture 
(Osborne and Mendel) 4, yeast 10, and lucerne moal 2 parts by weight. This ration seems 
to be complete in every respect and no doubt not inferior to the experimental stock ration 
used in this laboratory. Therefore, it is improbable that the difference in weight lost by 
rats during the first and second trials on the defective diet was due to the intermediate 
feeding by French and Bloomfield of a stock ration which was in itself not optimum in 
every respect. 

% The composition of Salt 40 was similar to that of Steenbock and Nelson (1923) as 
modified by Keenan and others (1933). 

Altogether there were six experiments. A description of these is 
given below and the data obtained on weight loss and food intake 
during these experiments are summarised in Table II. Furthermore, 
the average curves of each group for weight loss, food per rat per day, 


Colony 

Stock 

Diet.* 


60 

12 

10 

5 

3 

5 

2 

] 

1 

0-5 

0-5 


Experi¬ 

mental 

Stock 

Diet.f 


20 

8 

7 


5 

1 

45 

10 

4 


Diet low 
in 


Diet low' 
in 


Vitamins i Vitamins, 
and ! Minerals 
Minerals, j and Bulk. 

I 


20 


62*5 

15 


Diet 
low in 
Proteins. 


20 


65 

15 


. I 


72 

10 

4 


whole milk ad libitum . 


* All the synthetic food mixtures were stored in a refrigerator, and, in 
order to prevent the development of rancidity, only enough of each ration 
to last for about three to four days was mixed at a time. 
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and food per 100 gin. rat per day, are given in figures I to VI. The 
solid lines are curves during the first trial on defective diet, the 
broken lines represent the second trial. In all the experiments the 
initial body weight is taken as 100 and the changes are expressed in 
actual grams lost per day. 


Experiment 1. 

The 12 animals in this group were fed the vitamin and mineral 
low diet (but containing 2*5 per cent, agar) for 45 days when they 
had lost on the average about 21 per cent, of their body weight. 
They were then returned to the synthetic stock diet until they had 
regained their former weight and were then again fed the deficient 
diet for another 38 days. It is of interest to point out that seven days 
after the animals had been removed from the defective diet (after 
first trial with weight loss of 21 per cent.) and placed on the 
experimental stock diet, they weighed on the average 23 grams more 
than when they were first started on the deficient diet. Tn other 
words, the rats made an increase of 41*4 per cent, in body weight 
whereas during the week previous to the first trial on the defective 
diet they only gained 10*7 per cent, in body weight on the same 
diet. The indication of a stimulating after-effect of partial inanition 
on growth therefore supports the results of Kopec and Latyszewski 
(1932) obtained with mice. The remarkably quick recovery is also 
reflected by the food intake. During the seven clays between the 
first and second trials on defective diet the animals consumed on the 
axerage 15*3 grams of the stock ration per rat per day or 7*5 grams 
per 100 gram rat per day whereas during the week previous to the 
first trial on defective diet they consumed 12*9 gm. of the stock 
ration per rat per day or (M gm. per 100 gm. rat per day. 

The curves in Fig. 1 show that the males lost less weight during 
the second trial on defective diet than during the first but also 
cousumed slightly more food during the second trial than during the 
first. For the first 11 days the females also lost less in weight and 
consumed more food per rat per day during the second trial than 
during the first. After that time the curves crossed and the general 
picture was just the reverse. Because the difference in weight lost 
during first and second trials on defective diet seems to he a true 
reflection of the difference in food intake, it is difficult to resist the 
conclusion that, under the experimental conditions, the change iir 
weight on defective diet was due primarily to the change in food 
intake. 


Experiment 11. 

As the results obtained in experiment T do not support those of 
French and Bloomfield (1937), the experiment was repeated with 
12 male and 12 female rats. These animals were fed the same 
deficient diet use<} in experiment I for 25 days each during the first 
and second trials. 

From the curves given in Fig. 2, it is (dear that- the males again 
reacted as in the first, experiment. The change in weight curve of 
the females is in agreement with those found by French and 
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Bloomfield in so far that the females lost appreciably more in weight 
during the first 12 days of the second trial than during the same 
period of the first. For 8 out of these 12 days the animals even 
consumed more food per rat daily during the second trial than 
during the first but, when expressed on the basis of a unit body weight 
(100 gm.), they actually consumed less during the second than during 
the first trial which may again help to account for the difference in 
weight lost. 


Experiment 111. 

The deficient ration used in the two previous experiments 
differed from the ration used by French and Bloomfield only in so 
far as it also contained 2*5 per cent, of agar. Because of the 
difference between the results of these investigators and those of the 
writer, it was decided to omit the agar from the diet in order to see 
to what extent the agar was responsible for the discrepancy in results. 
The results obtained with 6 male and 6 female rats are depicted 
graphically in Fig. 3. The males again lost less weight during the 
second trial than during the first whereas there was hardly any 
difference between the weights lost by the females during the first 
and second periods on defective diet; and it is evident, therefore, 
that the agar was not the cause of the difference in results obtained 
in the two laboratories.. 


Experiment IV. 

French and Bloomfield did not state whether their animals were 
kept on screens or not and it is possible, therefore, that their animals 
had access to their own excreta and that coprophagy took place. lu 
order, therefore, to study the effects of a free access to excreta on 
the food intake and weight lost on a defective diet, 12 animals were 
kept on wood shavings in individual cages and fed the deficient diet 
used in experiment 111. The curves given in Fig. 4 show again that 
the change in weight and food intake of the animals did not differ 
much during the first and second*trials on the same diet. 

Experiment V. 

In view of the fact that, during the dry seasons the pasture in 
South Africa is of such a poor quality, the livestock, under ranch 
conditions, may not only suffer from a periodical vitamin (especially 
vitamin A) and a widespread mineral (Theiler and others, 1920, 1924, 
and du Toit and co-workers, 1932 and 1935) but also from a protein 
(Henrici, 1932a; 1932b, Henrici and Potter, 1934, and Smuts and 
others, 1939) shortage, a fourth group of ti male aud 0 female rats was 
included on a protein deficient ration. The ration was complete in 
every respect except that it was very low in proteins. It only contained 
about 0*34 per cent, nitrogen as supplied by the yeast and lucerne 
meal supplements. The first and second periods on this ration 
occupied 44 and 35 days respectively. The curves piven in Fig. 5 
show that, on the whole, there are no appreciable differences iu the 
performance of the animals during the first and second trials on the 
low protein diet. 
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Experiment VI. 

Id order to make the experimental conditions as drastic as 
possible, a group of 12 (6 males and 6 females) adult rats were 
starved, except for distilled water, for Ifi days each during the first 
and second trials. The curves given in Fig. G show that the animals 
lost weight at an equal rate during the first and second fasts. 


Summary. 

(1) Data are presented on the change in body weight and food 
intake of young mature rats during the first rind second trials on 
diets deficient in minerals and vitamins; minerals, vitamins and 
bulk; and proteins. Data are also given on the loss in body weight 
of rats during first and second fasts. 

(2) The results show that, under the experimental conditions, 
rats which have lost weight as the result of a defective diet, and 
have then been restored to normal weight by stock ration did not. 
show, as was found by French and Bloomfield, a more rapid weight 
loss, if now placed for a second time on the same defective diet. As 
a matter of fuct in the majority of cases the animals lost slightly 
less weight during the second than during the first trial on defective 
diet. This was true no matter whether the rats had free acecss to 
their own excreta or not. 

(3) Similarly, the food intake of the rats did not differ 
appreciably during successive periods on the same defective diet. 


Conclusion. 

« 

There seems to he u positive relationship between the change in 
daily food consumption and the change in body weight. It is 
probable, therefore, that the reason why the animals of French and 
Bloomfield lost more rapidly in weight during the second than during 
the first trial on defective diet, was not because of a “ latent 
deficiency 99 hut because their animals consumed, on the whole, less 
food during the second than during the first trial on defective diet. 
Why that should have been so, is difficult to say, blit it is possible 
that the palutability of their ration was not as good during the second 
as during the first trial. 
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Fig. 3.—Graph of data from Experiment JII (see text). The solid lines 
are curves during first trial on defective diet, the broken lines represent the 
second trial. 
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EXPERIMENT IV. 



Fig. 4.—Graph of data from Experiment IV (see text). The solid lines 
are curves duiing first trial on defective diet, the broken lines represent the 
second trial. 


213 








FEEDING OF A DEFICIENCY DIET. 



214 


J. H. KELLERMANN. 


» « «- o a a r* o is « 

P ^ f* !■ 



•sui*) top j»d yu jsd poo; ofaisAy ,Ui 0 'Asp Jad ;bj 8 qOI J ® d P®oj 



* co « t- o © eo n « 10 

«• ^ »■ »- 

’tatg Asp aod ;«j j»d poo; oSwjoav 


► • « B » H 

ttuo Avp jsd jbj 9 001 jad pooj 


215 







FEEDING OF A DEFICIENCY DIET. 


EXPERIMENT VI, 


Males. 


Females, 


Days. Days. 



210 












Section VI. 


Nutrition. 


Sun's, ]). B. and The endogenous nitrogen metabolism of 
Majmis. J. S. C. young sheep with refeience to the estima¬ 

tion of the maintenance requirement of 

sheep. 


217 




Onderstepoort Journal of Veterinary Science and Animal 
Industry , Volume 13^ Number 1, July, 1939. 

Printed in the Union of South Africa by the 
Government Printer, Pretoria. 


The Endogenous Nitrogen Metabolism of Young 
Sheep with Reference to the Estimation of 
the Maintenance Requirement of Sheep. 


By 

D. B. SMUTS, and J. S. C. MARAIS, Section of Nutrition, 

Onderstepoort. 


That the maintenance requirement of nitrogen of an animal 
can be measured by the total nitrogen excretion in the urine after 
the endogenous level is attained, is now generally accepted. On 
this basis, the endogenous nitrogen excretion of mature* sheep was 
measured (Smuts and Marais 1938) and the results interpreted in 
relation to the maintenance requirement of protein. However, it is 
evident from the literature that the relationship between the 
endogenous nitrogen and basal metabolism established by Smuts 
(1935) for mature animals may also hold good for young animals. 
I)u Bois (191(>) with human beings, Deighton (1934) with pigs, 
Mitchell (192(i) with rats, and Ritzman and Benedict (1930) with 
sheep, have shown that the basal metabolism of immature animals 
is invariably higher than that of mature animals of the same species. 
On the other hand, from data of Terroiue (1933) with rats, it appears 
that the endogenous nitrogen metabolism reacts in the same way 
and follows the same general trend as the basal metabolism. 
Consequently it follows that the endogenous nitrogen metabolism, 
and therefore the maintenance requirement of protein for immature 
sheep will be greater than that already established by us for mature 
sheep. 

In this study an effort, was made to measure the endogenous 
nitrogen metabolism of young sheep with a view to establishing 
their maintenance requirement. 

Experimental. 

Nine young Merino wethers approximately four months of age, 
and weighing from 17 to 28 Kgms., were utilized. These sheep 
were put for 3 weeks on a standard ration containing 14 per cent, 
lucerne protein. After the termination of this preliminary period, 
they were removed to the metabolism cages and put on a nitrogen- 
low ration, the composition of which is the same as previously 
described by Smuts and Marais (1938). It wur, however, found 
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Endogenous Nitrogen E.rr^etion- of Sheep on a N-lotr ration. 


ENDOGENOUS NITROGEN METABOLISM OF YOUNG SHEEP. 


uecessary to include 10 per cent, of wheat straw and to reduce the 
agar to 15 per cent, in order to ensure a high enough food intake 
to cover the energy requirements. By this method it was possible 
to study the complete curve of nitrogen excretion. 

Expehimental Results. 

Curves representing the total nitrogen excretion in the urine 
of the 9 sheep on a nitrogen low ration are given in graphs 1 and 2. 
In comparison with mature sheep kept under the same standard 






Graph 2. 

Endogenous X itrogen E.reretinn of Sheep on a \-Ioir nttion . 
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conditions of l'eediug, namely 14 per cent, lucerne protein, there 
exists a distinct difference in the nitrogen elimination, when placed 
on a nitrogen low ration. With mature sheep, it was noticed that 
after the initial sharp drop in nitrogen excretion on the first day, 
there was a further prominent decrease up to the eighth day. 
Thereafter the decrease was more gradual, and such that the 



221 






KffJXIGEKorS V1THOGKN METABOLISM OE YOUXG SHEEP. 

endogenous level was only reached round about the 14th day. With 
young sheep, as will be seen from the graphs, the position is very 
different. There is in each case ihe characteristic sharp drop in 
the nitrogen excretion the first day, with a very gradual reduction 
up to the 5th or (ith day, when in nearly eveiy case the endogenous 
level is attained. From there onwards the curve representing the 
daily urinary nitrogen almost assumes a straight line representing 
a very constant output. Thus there appears to be a distinct 
difference in the amount of nitrogen stored by the actively growing 
sheep and the non-growing or mature sheep. Such a difference may 
be expected on the basis that the growing animal needs in addition 
to its maintenance requirement, a substantial portion of the available 
nitrogen for tissue synthesis, leaving thus a much smaller fraction 
of the total nitiogen intake for reservation. This statement is 
endorsed by the fact that mature sheep on an 8 per cent, lucerne 
protein ration for 8 months, attain their endogenous level after (i 
days on a nitrogen low ration, in comparison with 14 days after a 
14 per cent, lucerne protein ration. This indicates, that at the 
higher level of protein feeding almost twice as much nitrogen was 
available for storage as at the lower level. 


The endogenous nitrogen per unit weight in accordance with the 
general view, is higher for young sheep than for mature ones. The 
average figure recorded by us for mature sheep is 041 grins, per 
Kg. weight, while for immature sheep the average figiuc obtained 
iu this study is 051 grins, per Kg. Expressed on the basis of 
utilizable protein these figures per 100 lb. weight become 11*0 
gnus, and 14*4 grms. protein. 


In trying to find a general method for estimating the protein 
requirements for maintenance, it was stated in .an earlier paper 
| Smuts and Marais (1938)] that the formula adopted by Smuts 
(1935) for the prediction of the protein requirements of mature 
animals of different species could be applied to sheep. However, 
after assembling all the data thus far obtained on the endogenous 
nitrogen excretion of sheep, it was found that the percentage 
deviation from the determined values by ihe application of the above 
formula could be decreased considerably by the introduction of a 
different constant. In Table 1 the data pertaining to the endogenous 
nitrogen determinations are tabulated. From these figures a value 
for /• in the formula P-. /*W* 784 has been established. As will be 
seen, the same value for l 4 was obtained for mature and young sheep. 
This value was then introduced into the formula and the utilifcable 
protein predicted, as shown in column 6. In column 7 the 
percentage deviation has been determined. For mature sheep this 
deviation is only ±2*5 per cent., and with young sheep±5*4 per 
cent. The magnitude of these deviations is considered exceptionally 
small and much less than the deviation when the general formula 
P~*88 W* 784 for different species is applied. Coiuerjuently the 
new formula P- 74 W 734 appears to oe better applicable for 
the estimation of the protein requirements for maintenance of mature 
as well as young sheep. In this formula P equals utilixable protein 
and W weight iu Kgm. 
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Table 1. 


Formula for Predicting the Endogenous Nitrogen (Protein) of Sheep . 


Animal 

No. 

Weight 
in Kgm. 

End. N. as 
Determined. 

End. N. 
Expressed 
as 

Protein. 

Valuo k in 

P /fcW-’ a * 

__ * ”, 

End Protein 
P----74 W- 784 

Percent ago 
Deviation 
from 
Value. 




Mature 

Sheep. 




1 

44-5 

2 03 

12-69 

•78 

11-99 

_ 

5-5 

2 

400 

1-81 

11-34 

•75 

11-09 

_ 

2*2 

3 

37-7 

1-72 

10-75 

•75 

10-62 

... 

1-2 

4 

42*0 

1-84 

11-50 

•74 

11-50 


0 0 

5 

39 0 

1-72 

10-75 

•73 

10-89 

4 

1-3 

7 

40-0 

l *76 

11-00 

■73 

11 09 

_ 

0-8 

8 

44-0 

1 -79 

11-19 

•70 

11-90 

4- 

6-4 

9 

50*0 

2*01 

12-56 

•72 

13*07 

4 

4 06 

10 

40-0 

1-76 

10-95 

•73 

11-09 

4 

1-3 



Average... 

— 

■74 

— 

4 

2-5 




Voi’Jfd 

Sheep. 




1A 

17 

•907 

5-67 

■71 

5-92 

4 

4-4 

2A 

20 

102 

6-38 

•70 

6-67 

4 

4-5 

3A 

22 

1-00 

6-25 

•65 

715 

4 

14-4 

4A 

18 

•930 

5*81 

•70 

6*17 

-i 

6-2 

5A 

23 

1-20 

7-48 

■75 

7-39 

- 

1*2 

6A 

22 

1-23 

7*69 

•80 

715 

- 

70 

HA 

26 

1-34 

8-38 

■77 

■ 8-09 

— 

3-5 

9A 

25 

1-33 

8-34 

•79 

7-86 

- 

5-4 

10A 

28 

1-40 

8-75 

■76 

8-54 

— 

2-4 



Average... 

— 

•74 

— 

± 

5-4 



Average of 1 

\>tal. 

•74 

— 

4 

44 


In Table 2 tbe utilizable protein, digestible protein, and the 
minimum energy requirements (basal metabolism), have .been 
predicted. The utilizable protein is directly calculated by means of 
the above equation, while the digestible protein is calculated from 


Table 2. 

Prediction of Maintenance Requirement for Protein for Sheep. 


Weight 
in Kgm. 

Weight 
in !b. 

Utilizable 

Protein 

(P = 74W- 7 *q 

Digestible 

Protein. 

Basal 

Metabolism. 

Ual/day. 

Basal 

Metabolism 
Oal/per Kgm. 

15 

33 

5-40 

10-80 

432 

29 

20 

44 

6*67 

13*34 

534 

27 

30 

66 

8-94 

17-88 

715 

24 

35 

77 

1006 

20-12 

805 

23 

40 

88 

11-09 

22-18 

887 

22 

45 

100 

12-10 

24-20 

968 

22 

50 

110 

13-07 

26-14 

1,046 

21 
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the utilizable protein by assuming a biological value of 50. The 
latter assumption naturally provides for a fair margin of safety, 
since at maintenance level we have not experienced a biological 
value as low as 50. 

The basal metabolism is calculated by assuming that the 
relationship of 2 mgm. endogenous nitrogen or 12*5 mgm. protein 
is equivalent to one Calorie of basal heat. 

It is interesting to note that the digestible protein requirement 
as predicted by the general equation of P- *88 W ,7:u for a 100 lb. 
sheep is 29 grains, by the new equation 24 grams, and according to 
Armsby (1917) 27 grams. Naturally Armsby’s figure bolds good for 
any ration, while the figure obtained in this study will be greater or 
smaller depending on the biological value of the feed. 

The basal metabolism in column 5 and expressed per Kg. 
weight in column 6 is inteiesting in view of the fact that it allows 
for an easy means of predicting the minimum energy requirement.. 
A 100 lb. sheep according to our calculations would have a basal 
metabolism of 22 Calories per Kg. weight. This figure coincides 
with the average value of the W-W wethers, AV 2-5, AV2-41, W 
2-12 and AV 2-G of Lines and Pierce (1901). Their average value 
for the four sheep weighing from 41 to 52 Kgms. is 22 calories per 
Kgm. liitzman and Benedict (1900) obtained an average value of 
27 calories per Kg. which is slightly higher than our figure. These 
sheep, however, were measured for their basal metabolism 18 to 
37 nours after withdrawal of food and may probably not have 
reached the post absorptive condition. Armsby (1917) on the other 
hand, basing his calculations on the work of Henneberg and Kellner, 
arrived at a value of 16 calories per Kg. 

For the EE lambs of 5 months of age, Lines and Pierce (1901) 
obtained an average value of 36 calories per Kg'. This value is 
higher than our predicted value of 29 calories. However, it appears 
from the work of the above authors that the nutritional level of 
the animal or the seasonal changes in pasture may effect the basal 
metabolism. The seasonal effect is claimed to be due to the change 
in protein content. These factors may therefore partly be responsible 
for otir lower endogenous nitrogen and consequently a lower predicted 
figure for the basal metabolism, since our sheep were kept on a low 
level of protein for a considerable time. 

From the basal metabolism figures of Lines and Pierce (1901), 
and liitzman and Benedict (1930), and our calculated values from 
the endogenous nitrogen, it appears that a veiy definite relationship 
exists between the basal metabolism and the endogenous nitrogen 
metabolism in sheep. Such ti relationship would in future be of 
considerable value in assessing the value of either of these entities 
once the magnitude of one is known. 

SuMMAEY AND CONCLUSIONS. 

In a study on the endogenous nitrogen excretion of immature 
sheep, it was found that young sheep reach their endogenous level 
on the (ith day, after having been on a standard Tation of 14 per 
cent, lucerne protein. The endogenous nitrogen excretion was found 
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to be higher than in mature sheep, the average value for 4 months 
old wethers being 051 grms. per Kg. A formula for estimating 
the maintenance requirement of sheep was devifled and its applica¬ 
tion tested. It was also shown that the basal metabolism of sheep 
can be predicted from the endogenous N, and that the figures 
arrived at agree very well with the values reported in the literatuie. 
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Chemical Investigations upon Lotononis laxa 
E. and Z.I. The Isolation of Pinitol, a 
Fatty Ester and Benzaldehyde. 

By H. L. 1)K WAAL, Section of Pharmacology ami Toxicology, 

Ondei stepoort. 


This plant was responsible for prushic-acid poisoning in sfoek 
on cultivated lands in the Lady Giey district, and was 

submitted to this laboratory for a chemical examination of the toxic 
principle. The dried and ground plant-material, after it had been 
for approximately six weeks at the laboratory still contained 
259*2 mgm. IION per 100 grams of dried plant (i.e. about 
0*20 per cent. HON), which obviously is a very high figure, making 
the plant extremely dangerous to stock. 

Detehmination ok Hyduocyanic-acu) Content. 


The hydrocyanic-acid determinations were carried out in the 
usual way with samples of 10 gms. of the dried and ground plant 
with the following results: — 


Timo of 
Macera¬ 
tion. 

Medium. 

Enzyme. 

Tempera¬ 

ture. 

N 

c.c. - - 

AgNO.,. 

4 hours 

200 c.c. dist. H f <). 

Plant only... 

Room. 

121 

6 hours 



140 

16$ hours 
18$ hours 
17 hours 
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21-0 

200 c.c. pH6 (buffer solution).... 

9* 

»* 

i 24 0* 

10 hours 

*» M H .... 


<• 

24-3* 

24 hours 

« » rr .... 

99 


24*5* 

25 hours 

»» »» M .... 

99 

Plant enzyme 

** 

24-3* 

20 hours 

»» »» »J .... 


23 f) 



and emulsin 

I 



* The maximum HCN content was obtained after about 18 hours macoration in a 
buffer solution of pH0 at room temperature (plant enzyme only). 


Cyan hydrin-tent .—10 gins, of the dried powdered plant was 
macerated with 200 c.c. of a buffer solution of pH ~ (i for 20 hours 
(no emulsin). 50 c.c. Normal caustic soda was then added (distinctly 
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alkaline) and allowed to stand for 20 minutes (for hydrolysis of 
possible cyanhydrins). 20 gm. tartaric acid was then added 
(distinctly acid) and the HCN distilled. On titration of the clear 

distillate 23-5 c.c. ^ AgN0 3 was used. 

Therefore neither the addition of einulsin nor the hydrolysis 
of possible cyanhydrins showed an increase in the total hydrocyanic 
acid content. 


The maximum HCN content = 24 *0 x 1*08 x 10. 

= 259*2 mgm. HCN per 
100 gms. dry plant. 


In each case the distillate was collected in NaOH and had 


a strong aromatic odour, similar to that of bitter-almonds, and 
when the distillate was acidified to about 2 N-HC1 and treated with 
a solution of Brady’s reagent (2, 4-dinitrophenylhydrazone) in 
2 N-HC1 solution a strong precipitate was observed (see below for 
nature of precipitate). The aromatic substance had aldehydic 
properties. 


Detection and Determination of Benz aldehyde. 

When the dried and powdered plant was immediately steam 
distilled in either (J) a neutral solution, i.e. suspended in distilled 
water or (2) in an alkaline medium (i.e. about 20 gins, plant in 
50 c.c. normal NaOH) distillates were obtained, which smelt 
strongly aromatic (bitter-ahnonds) and which gave strong orange- 
yellow precipitates with Brady’s reagent. 

The following experiment was conducted to determine the yield 
of the Brady’s derivate: — 

(I) 50 gm, of dried and ground plant-material (HCN 
content-0*259 per cent.) was suspended in 200 c.c. of a citrate 
buffer solution (pH - 6) and immediately steam distilled. The 
distillate was collected in a little ice-water. Hydrocyanic acid was 
freely liberated. The distillation was stopped after 50 minutes, 
which proved sufficient for the complete recovery of the aromatic 
substance. 

The distillate (about 180 c.c.) was acidified with concentrated 
hydrochloric aeid to about 2-normal and warmed. To the warm 
solution a slight excess of hot Brady’s reagent (0*5 gm. in 15 c.c. 
2 N-HC1) was added. An orange-yellow precipitate formed 
immediately which was centrifuged off after some time. The 
precipitate was thoroughly washed first with 2 N HC1 and then 
with distilled water and finally dried to a constant weight at 110° C. 
Weight of precipitate = 0*2 gm. 

The crystalline precipitate w r as easily recrystallized from either 
acetone or alcohol and after two re-crystallizations from either 
solvent had a constant, clear melting-point of" 235° 0., formed fine 
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orange leaflets and was chemically pure. The crystals dissolved 
fairly easily in acetone and ethyl acetate, dissolved with difficulty 
in hot absolute alcohol and were insoluble in water. 

Micro-analysis. * 


5 10] mgm. 10-400 mgm. C() a ; 1,720 mgm. H 2 0. 

3*373 mgm . 0-562 c.e. N at 20-5° (3. and 765 mm. Hg. 

Found. 0 = 54-66% ; H - 3-71% ’ N - 19-50%. 


Calculated for C 18 H 10 N 4 O 4 . C = 54-56% ; H = 3-52% ; N - 19-57%. 

i.e. Benzaldehyde—2, 4-dinitrophenylhydrazone or C 6 H 5 C - N — N - C fl H 8 (NO a ) a 

H H 

* All micro -analyses by J)r. Ing. A. Schoellor, Berlin. 


When this substance was mixed with an authentic specimen 
of benzaldehyde - 2, 4-dinitrophenylhydrazone prepared by the con¬ 
densation of the components in HOI medium, no depression of 
the melting-point occurred. The authentic sample crystallized from 
acetone or alcohol and also had m.p. 235. 

(11) The above steam disillation (1) was repeated and the 
distillate collected in ice-water. The distillate was then shaken 
with pure ether (Merck), the ethereal solution washed, dried over 
Na a S0 4 , filtered and allowed to evaporate at room temperature. A 
little absolute alcohol was then added to the residue, which smelt 
strongly of benzaldehdye, and the solution refluxed with 0*3 gm. 
semi-carbazide-hydrochloride for 30 minutes. The filtrate was then 
slightly evaporated and the micro-crystalline material re-crystallized 
from very dilute alcohol. Colourless slender needles separated which 
had a melting point of 214° f\ This is also the m.p. of beuzaldehyde- 
semi-cnrbazone. 

An authentic specimen was therefore prepared from benzalde¬ 
hyde (Merck) and semi-carbazide-hydrochloride. Crystallized from 
alcohol, the synthetic benzaldehyde-semi-carbazone (shining plates) 
had a m.p. of 214° C. The natural and synthetic specimens were 
mixed, and the m.p. of the mixture showed no depression. 

The substance was therefore benzaldehyde-semi-carbazone. 

As can be seen from the above the yield of benzaldehyde was 
very small. When the steam-distilled plant was therefore again 
macerated with emulsin in a buffer solution of pH-^G, the majoT 
portion of the hydrocyanic acid could be determined. It is thus 
clear that the major portion of the hydrocyanic-acid is present in 
the form of a substance capable of being hydrolised by an enzyme. 

The Nature of tiie Cyanogenktic Gltjcostde. 

With the small and inadequate quantity of plant material at 
our disposal the preliminary attempts to isolate the e.vanogenetir 
glucoside failed. Only benzaldehyde, pinitol and a fatty ester 
could be isolated thus far and the isolation of the cyanogenetic 
constituent is reserved for a later date when more plant material 
will be available. 
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Preliminary results however would point to the possibility that 
the nature of the cyanogenetic glucoside may be that of a combination 
of benzaldehyde and hydrocyanic acid, e.g. with glucose or vicianose. 
Such examples are amygdalin, sambunigrin (see also Finnemore 
et al), vicianine (Bertrand), Prunasine (Fischer and Berginann) 
and prulaurasine (Fischer and Bergmann). These glucosides are 
all highly toxic due to their ready hydrolysis to benzaldehyde, 
hydrocyanic acid and the sugar constituent. 

Isolation of a Fatty Ester, Probably C 4a H a4 0 4 . 

When separate quantities (about 100 gm.) of the dried and 
ground plant were extracted in a Soxhlet apparatus with (a) ether, 
(b) acetone, ( c ) petroleum-ether and (d) ethyl-acetate, a fatty-like 
crystalline powder was obtained in each case. After re-crystallization 
from acetone the crystalline powder had a melting-point of 78° C. 
(clear). 

The substance was insoluble in water, alkalis, mineral acids 
and dilute sodium carbonate solution. It was very soluble in 
chloroform, and soluble in absolute alcohol, ethyl-acetate and 
acetone. It was difficultly soluble in ether and petroleum-ether. 

The substance gave no colouration with concentrated sulphuric- 
acid or with ferric-chloride solution. Phytosterol tests were negative. 
It is a neutral, non-acidic, non-phenolic, optically inactive substance 
and contained carlon, hydrogen and oxygen only. 

Micro-analysis. 

4-936 mgm. 14-680 mgm. CO a ; 5-950 mgm. H 2 (). 

Found. C - 81*15%; H -= 13-49%. 

Calculated for (C 2 j H <s O)jf. C *- 81*30%; H 13-55%. 

Molecular weight determinations in camphor (Hast) gave results 
for a molecular weight of 800 to 1200. Now C 42 H 84 0 3 (molecular 
weight 620) is the ecrylester of palmitic acid, the main 
constituent of opium wax; has a melting-point of 79° 0. and is a 
crystalline powder (Beilstein, lleilbron). 

It has thf* formula 0H,.(riI a ) 13 .CH J .CO-O-CH s .(CH l ) 24 .CH s , 
which may he the same as the above substance isolated from 
Lotononis hum K and Z. 

Isolation of Pinitol. 

The dried and powdered plant was extracted with acetone in a 
Soxhlet apparatus. When the neutral substance of m.p. 78° C. 
(see above) had separated out the acetone solution was filtered and 
decolourised with adsorbent charcoal. After filtration an aliquot was 
diluted with about an equal volume of benzene when crystals of 
m.p, 181-188° separated out.. When the colourless acetone solution 
was allowed to stand in an ice-chest the same substance separated 
together with a syrupy liquid, which was positive for sugar and 
slightly positive for cyanogenetic glucoside. ; 
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However, very little cyanogenetie glueoside must have been 
extracted since the plant-residue still contained about 92 per cent, 
of the original hydrocyanic acid content. Neither did digestion 
with cold acetone, nor Soxhlet extraction with ether or petroleum- 
ether remove any of the cyanogenetie glueoside. Hot acetone and 
hot ethyl-acetate extracted some of the cyanogenetie glueoside, which 
can apparently be readily extracted with hot alcohol. 


The sandy clusters of crystals which separated above had the 
appearance and properties of pinitol. When recrystallized the 
melting-point (189°) and the optical activity 



+ 0-57 x 100 x_5 
0-5 x 8-75 


+ 65-1° (H 2 0) 


were identical with that of pinitol, the mono-methyl ester of 
1-inositol. 


Summary. 

(1) Preliminary chemical investigations upon Lotononis hua 
E and Z, a dangerously toxic cyanogenetie plant to stock and 
occurring in the Lady Grey district, C.P., resulted in the isolation 
of a fatty ester, pinitol and benzaldehyde. 

(2) The hydrocyanic-acid content of the dried and powdered 
plant was still very high, namely 0*20 per cent, and the view is 
expressed that the cyanogenetie glueoside may he constituted by the 
combination of a sugar, benzaldehyde and hydrocyanic-acid. 
Further results will follow when more of the fresh plant has been 
obtained. 
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The Cystine Content of Merino Wool in 
Relation to its Physical Attributes. 


By S. 13. ROKSOTJW and V. BUSMAN, Section of Wool Research, 

On dei st epoort. 


Introduction. 

The cystine content of Merino wool is approximately 12 per cent, 
and although several research workers have studied the source and 
formation of this constituent, the function of cystine in Merino wool 
production from nutritional and physiological aspects has not yet 
been defined. In the present contribution it is not intended to deal 
with this aspect of the problem but to discuss the results mainly 
with regard to the relationships between the physical attributes of 
wool and its cystine content. These physical attributes largely 
determine the uses to which Merino wool may be put and are valuable 
assets either during the processes of wool manufacture or in the 
finished fabric. Should the cystine content of Merino wool be a 
modifying factor in its physical attributes, quantitative variations 
in cystine would have important applications in methods of wool 
p reduction. 

in the present investigation a series of selected Merino wool 
samples which differ from one another in their physical attributes 
has been analysed. The cystine content is compared with such 
characteristics as Tensile Strength, Fibre Resilience, Fibre Fine¬ 
ness, Crimping, Scaliness, Percentage Extension and Whiteness. 


Review of Literature. 

Few figures are available on the correlations between the cystine 
content of Merino wool and its physical attributes. Several workers 
have analysed wool foi sulphur content instead of cystine, but since 
it has been shown by T Rimington (1929) and later by Barritt (1934) 
who allowed for the methionine content, that the sulphur content 
of wool can he converted into cystine, the relevant work dealing with 
the sulphur content of wool ha # s a direct bearing on the present con¬ 
tribution. 


237 



CYSTINE CONTENT OF MERINO WOOL. 


Barker (1929) in discussing the ideal fabric and the manufac¬ 
turing properties of wool asserted “ that for an extensive series of 
wools of different types there is a significant variation’ in sulphur 
content, which is undoubtedly caused by biological, environmental 
and other influences, and which imparts to the fibre considerable 
variations in its response to textile processes After discussing 
the variations in the sulphur content of different wools Barker goes on 
to say that “ it is significant that high sulphur content is accom¬ 
panied by a lower regain of wool and it is certain that breed, en¬ 
vironment and pathological condition of the animal play prominent 
parts in its development Also “ a high sulphur content is 
desirable and it would seem to be the first difficulty in the production 
of our ideal fabric as to how to obtain it ”, 

Sidey (1931) analysed two classes of New Zealand wools for 
sulphur, the one lot being designated by the trade as a good pro¬ 
cessing wool and the other a fair processing lot. He found an insig¬ 
nificant difference between the two sets in their sulphur content. 

Bonsina and Jouhert (1934) working on Merino sheep found an 
insignificant correlation of 0*572 between the sulphur content and 
fibre fineness and there appeared to be no correlation between sulphur 
content and “ quality n in Merino wool, apart from the fact that 
medullated fibres are inclined to be low in sulphur. 

Van Wyk, Botha and Bekker (1935), while studying the effect 
of supplements of different forms of sulphur in the diet of Merino 
sheep, found that, when the animals were dosed such supplements 
as cystine, sulphates, KCNS and S, there was no response in their 
scoured fleece weights, mean fibre lengths, fibre thickness and mean 
fibre weights of shoulder samples. Subsequent woik by Botha 
(unpublished) on the cystine content of the experimental wools 
showed no correlations between, the groups, so that the above- 
mentioned physical attributes did not appear to be correlated with 
the cystine content of the wools. 

Smith and Harris (1936) oxidised wool artificially with hydrogen 
peroxide and as a result the cystine dropped from 11*0 to 8*4 per 
cent. They also found that “ the oxidation alone show r ed no signi¬ 
ficant effect on the sulphur content, wet breaking strength, and 
resiliency of the .wool n . 

Swart (193G) when feeding sulphur to Merino sheep found that 
although the sulphur content of Merino wool was a variable quantity, 
no relationships could be established between sulphur content and 
staple length, diameter of fibre, extensibility, or crimps per inch. 

McMahon and Speakman (1937) working on New Zealand 
Homney wool, found differences between the tips and roots of fibres 
in so far as their sulphur contents were concerned. They also found 
differences between the tips and roots of fibres in their relative degrees 
of “ set ” Their figures for variation in the sulphur content when 
converted into cystine content range from 11 -8 to 12*6 per cent, 
and agree with those found in the present work. 
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Methods. 

Cystine was detei mined by the modified Sullivan method of 
Kossouw and Wilken-lorden (1904). Approximately 1 gram of de¬ 
greased and well-washed wool was freed of vegetable matter and sand 
by handpicking under distilled water with forceps in a large dish. 
The wool was collected on a G2 Jena fritted glass filter which was 
dried by suction and conditioned in the Constant Humidify chamber 
until constant weights were reached. The wools were then dissolved 
in ten times their weights of 0 NJHCl and placed in a controlled 
autoclave at 140° for 0 hours. It was shown that this was sufficient 
time for complete hydrolysis without apparent loss of cystine. The 
hydrolysate was filtered through GJ Jena ftilted glass filters, 
washed and made up to suitable volume such that 5 ml. of the solu¬ 
tion should provide approximately 4 mg. of cystine. The coloii- 
metiic determination was carried out in the Constant Humidity 
Chamber at a constant temperature of 70° F. (It has been shown 
that a constant temperature is necessary in the colour development.) 
The cystine is expressed as a percentage of the clean dry wool. 

In each case an aveiage of three readings was taken for’the 
sample, which system proved to be a reliable one. It was also shown 
statistically that there was a greater variation between groups con¬ 
stituting the average than there was within the groups, so that a real 
difference exists among Merino wools in their cystine contents. 


Physical Attributes. 


These were deteimined in the Constant Humidity Chamber at 70 
per cent. Relative Humidity and 70° F. The methods employed and 
apparatus used at Onderstcpoort have already been described 
(Bosnian 19HS) therefore only an outline of the methods used in this 
work are given here. 

The tensile strength and percentage fibre extension were deter¬ 
mined on the Doehner apparatus and the methods of sampling the 
wools used in the study are those described by Bosnian, Waterston 
and van Wyk (1009). 

The Film* Resilience, expressed as the energy necessary to com¬ 
press 5 grams of clean wool by 50 per cent, was determined by the 
Pendultex Apparatus devised by Henning. A detailed method of 
analysis is described by van Wyk (1009). 

Fibre Fineness was determined on a Zeiss Lanameter. Tim 
crimping was measured as number of crimps per inch. Scaliness was 
determined by an apparatus designed after Speakman, the technique 
of sampling, mounting of slides and inf ci pretut ion of readings being 
that described by Bosnian and van Wyk (1009). 

The degree of whiteness expressed as a percentage of standard 
white, was determined by the apparatus designed by Henning, where 
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the white light is determined by the current set up in a photo-electric 
cell, care being taken that all the samples were cleansed of impurities 
by a standardised method. 

Experimental Results. 

The results of the analyses are summarised in Table 1, where it 
is shown that the cystine content -varies from 10*86 to 12*75 per cent, 
with a mean of 12*02 and a coefficient, of variability of 3*9 per cent. 
This variation is comparatively small when it is compared with that 
of the tensile strength (7*8 per cent.) or Resilience (22*3 per cent.) 
or the Fibre Fineness (11*0 per cent.) or Crimps per inch (12*9 per 
cent.) or scaliness (16*6 per cent.) or extension at break (13*6 per 
cent) or Whiteness (0*8 per cent.). It must, therefore, be concluded 
that the cystine content of Merino wool varies less than do the 
physical characteristics enumerated. 


Table 1. 


The Cystine Content of Merino Wool in It elation to Certain 
of its Physical Attributes. 




Tensile 

Resili¬ 
ence 
Kg/c*m. 

Fibre 

Crimp- 



Sample, 

Cystine 

Content. 

Strength 

Omd/ 

C0*xi0« 

Fine¬ 

ness 

w* 

ing 

per 

Inch. 

Scali¬ 

ness. 

Exten¬ 

sion. 


Per 





Per 

Per 


Cent. 





Cent. 

Cent. 

47. 

10-8« 

0-88 

1-99 

17-62 

10-11 

7«-7 

78-25 

25. 

12-52 

11-87 

1-19 

1*43 

5-15 
3-31 

2315 

22-09 

13-14 

10-11 

45-4 

67-0 

61*47 

69-10 

37. 

21. 

11-51 

1*43 

2-97 

21 -35 

10 11 

79-1 

69-05 

48. 

11-74 

0-98 

2-83 

19-110 

13 14 

76-0 

78-58 

62. 

12-08 

1*22 

3-79 

26-05 

10-11 

73-8 

83-00 

111.... 

11-23 

1 *22 

2-79 

18-f7 

12-13 

65-4 

61*52 

120. 

11*94 

1-09 

3-47 

22-92 

11-12 

61*0 

58-23 

29. 

12-30 

I -08 

4-60 

25-04 

10-11 

52*5 

80-62 

14. 

12-47 

1*39 

5-01 

17-28 

— 


52-85 

51. 

11-83 

0-90 

3-64 

19-75 

15-16 

55 - A 

89-45 

45. 

11*83 

1*18 

3-52 


_ 

— 

73-83 

46. 

12-60 

1*12 

2-10 

20-26 


64-9 

83-33 

20. 

11-73 

1-33 

3*09 

21-29 

9 10 

86-5 

69-?8 

*>*} 

11-37 

1*33 

3-06 

21-74 

9-10 

82*6 

67-07 

32. 

11*90 

1 *39 

4-38 

18-77 

12 13 

65-4 1 

70-17 

71. 

12-20 

1*11 

3*67 

24*50 

12-13 

65*3 

65-0 

5 . 

12*75 

1*13 

3*16 

3*68 

18-36 

20*68 

14-15 

12 

68-5 
78-4 * 

67-75 

56-92 

9 . 

12*55 

1*47 

40 . 

12*45 

1*04 

2*56 

20*59 

9-10 - 

81-9 

68-43 

35. 

11*97 

1*47 

3*56 

21*81 

9-10 

_ 

65-15 

36. 

11*90 

1 *53 

3*40 

20*72 

10 

61*4 

65-72 

27. 

12-47 

1*51 

4*06 

24*15 

12 

47-7 

72-83 

10. 

11*95 

1*48 

3*88 

20*56 

11-12 

63-6 

63*68 

19. 

12*45 

1*47 

3*85 

19-62 

14-15 

74-6 

67*75 

Means. 

12*02 

1*25 

3* DO 

21-14 

11-66 

67-9 

69*18 

S.D. 

•467 

*976 

•781 

2-409 

1-499 

11-242 

9-428 

Coeff. of V... 

3*9% 

7*8% 

22*3% 

11*0% 

12-9% 

j 10*6% 

13-6% 


White¬ 

ness. 


Pop 
(Vnl. 
.77 *S 
54-7 
59-1 
r>o*3 
:><>■:* 
59-o 
r> s -5 

52 i 
65-7 

55 6 

53- 3 
52-y 
58-5 

54 - 5 

53 • 4 
64 1 

54 l 
58-0 

56- 1 
48*7 

57- 2 
57 0 

56 l 
62*4 
62-4 

57-2 

3*606 

6-8% 
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A comparison of the coefficients of correlation between cystine 
and the physical attributes are given in Table 2. 

Table 2. 

Showing Coefficient of Correlation (r). 



Tensile 

Resili- 

Fibre 

Fine¬ 

ness. 

Crimp- 

Seali- 

Ex ten- 

White- 


Strength. 

once. 

1 

ing. 

ness. 

sion. 

ness. 

Cystine. 

•1714 

•4509 

•2181 

•3281 

•2242 

•0705 

•1026 

Degrees of Freedom . 

23 

23 

! 

22 1 

20 

20 

23 

23 


According to Fisher’s Table of r: — 

when P=05 when P—*01 
and when n 2-\ then /* - il951 -4999 

,, ib- 20 then r 4227 *581)8 

The only significant correlation (at P=- *05) is that between 
cystine and resilience with a value of -4509. The characteristics of 
tensile strength, Fibre Fineness, Crimping, Scaliness, Extension and 
Whiteness hear no definite relationships to the cystine content. 


Summary and Conclusions. 

A series of selected Merino wool samples that differ markedly in 
their physical attributes were analysed for cystine. 

The results show no significant conelations between the cystine 
content and Tensile Strength, Fibre Fineness, Crimping, Scaliness, 
Percentage Extension or Whiteness. This is contrary to the findings 
of certain other workers. 

There is a certain significant con elat ion (at a b per cent, level) 
between cystine content and resilience. The value of this correlation 
is, however, not high. 

It is concluded that the role of cystine in wool production is not 
an important one, and that the possibility of improving wool charac¬ 
teristics via the cystine content does not appear to be great. 
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Introduction. 

Field observations as well as immunity tests under laboratory 
conditions have shown that animals are capable of developing an 
immunity against heartwater after recovery. The nature of. the 
immunity however is obscure. Rickettsia ruminantium parasitizes 
the endothelial cells ot the blood vessels, and its presence in the 
peripheral blood can be demonstrated by sub-inoculation of blood 
into susceptible animals during the reaction and for a limited period 
after recovery. Alexander (1931) found that in some cases no 
“ virus ” could be demonstrated by the intra-jugular sub-inoculation 
of 10 e.c. blood <S days after the height of the fever reaction, w r hile 
in others transmission was successful 35 days after the reaction, 
in an experiment to be described later, it was possible to detect the 
presence of heartwater 14 virus ” in a recovered sheep (JO days after 
recovery. From the data it must be concluded that a premunitiou 
may exist for a period of two months after recovery, and that the 
nature of the immunity after this peiiod is obscure and needs further 
investigation. 

In the case of Rickettsia ho vis which parasitizes the leucocytes 
de Kook, van Heerden, du Toit and Ncitz (1937) showed that a 
premunition develops, and that splenectomy results in a relapse. 

A factor to he considered in these studies is the resistance of 
the various species of animals. As far as is known all (lie luminauK 
are susceptible to heartwater, but their susceptibility varies. The 
artificial infection of two species of antelopes viz. the blesbuck 
(Damah sens albifrons) and the black wildebeest (Conochaetes gnu) 
did not result in clinical symptoms of heartwater, although the 
heartwater “ virus ’’ was demonstrable by sub-inoculation of blood 
into susceptible sheep. (Neitz 1933, 1935 and 1937.) Alexander 
(1931) states that indigenous sheep and blackhead-persiaus possess 
a higher degree of resistance than imported breeds. In the former 
breeds the mortality is approximately fi per cent., whereas in the 
merino sheep up to 80 per cent, may die. Similar observations 
have been made with indigenous and imported breeds of goats. 
Insufficient information lias been collected about the resistance of 
cattle breeds, but from field observations it would appear that one 
can expect the mortality to be in the neighbourhood of (>() per cent. 
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A third factor to be considered in these investigations is the 
possibility of the existence of heterologous strains. Spreull (1904), 
Theiler (1909) and Alexander (1931) conclude from their experiments 
that there are immunologically different strains. However du Toit 
(1924)* and the writer in these experiments have failed to confirm 
this statement. The observations by the former workers are 
summarized in Table 1 and those of the latter workers in Table 2. 
The immunity tests (Table 1) in the cattle, sheep and goats were 
applied from 3 weeks to 2 years after the recovery of the animals. 
In some cases the animals received virulent blood, and in other 
instances they were exposed to natural infection. No satisfactory 
explanation can be given why thi, earlier workers encountered 
immunologically different strains. A possible explanation may be 
that since the presence of Eperythrozoon oris (Neitz, Alexander and 
du Toit, 1934) and that of a new “ virus 99 which will be referred 
to as “ virus A 99 in these studies was not known, incorrect conclu¬ 
sions may have been drawn from the febrile reactions set up by 
these two diseases in sheep. It will be noticed from Table 1 that 
no breakdown is recorded in cattle where the Eperythrozou and the 
“ virus A 99 disease do not play an important role, whereas in sheep 
and goats a large number reacted when the immunity test was 
applied. This argument is brought forward to show how misleading 
a febrile reaction may be, particularly in diseases like headwater 
and “ virus A ” disease where the temperature may be the only 
symptom. In such doubtful cases therefore sub-inoculations and 
cross immunity tests have to be resorted to before a correct inter¬ 
pretation of the reaction can be given. 


OlJSERVATIONS AT OnDERSTKPOORT. 

Yqt these experiments the highly susceptible merino sheep was 
used. The strains were passaged by sub-inoculating blood at the 
height of the reaction into susceptible sheep. These animals 
incidentally served as controls to the various experiments. No 
difficulty was expeiienced in maintaining the infection in this way, 
although occasionally one out of two injected sheep failed to react, 
in spite of the fact that such an animal was subsequently found 
to be fully susceptible cm receiving a second infective dose. Similar 
observations have been recorded previously by Alexander (1931) in 
sheep, and by Neitz (1937) in the sub-inoculations made from infected 
blesbuck into sheep. The inability to transmit headwater at times 
may be due to a very low concentration of the headwater “ virus 
in the blood. In any of the sheep used in these experiments in 
which no reaction, or a doubtful one was observed, a second infective 
dose was given, in order to definitely determine whether the animal 
was susceptible or not. The mortality from the various strains was 
as high as 80 per cent.., and consequently a relatively small number 
of sheep were available for these studies. Blood smears which 
were examined from, time to time from the passage sheep during 
the headwater reaction frequently showed the presence of Epery¬ 
throzoon ovi*. These recovered animals developed a premunition to 
Ep. ovis infection, and did not react again to this disease when the 


Quoted by Alexander ( 1931 ). 
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heartwater immunity test was applied. On the other hand it was 
noticed that those sheep which contracted and recovered from a 
natural infection of heartwater were susceptible to Ep. avis. This 
complicating factor can be excluded by treating the donors infected 
w T ith heartwater and Ep . avis with the antimony-arsenic compound 
Rtd. 386 B. 24 hours before sub-inoculating blood (Neitz 1937). 

In the course of these experiments a hitherto undescribed 
“ virus A ” distinct from heartwater, blue-tongue, and tick-borne 
fever was isolated. This determination was important, because 
wrong interpretations would have been given to the reactions, if the 
existence of this “ virus A 99 had not been recognized. The 
incubation period that follows the injection of “ virus A 99 is as a 
rule longer (12-21 days) but may be as short as that of heartwater. 
The duration and the type of the febrile reaction are very similar 
to those of heartwater, and its identity can in most eases only be 
recognized by carrying out sub-inoculations and cross-immunity 
tests. 

The nature of “ virus A 99 is obscure. It can not be transmitted 
by the ticks Amblyovima hebraeum , the vector of heartwater, and 
Rhipicephalus apperuhculatus. It does not pass through a Berkefeld 
or a Seitz filter, and does not live longer than 24 hours at room 
temperature in citrated blood. The mortality is extremely low and 
up to the present approximately 2 per cent, of the infected sheep 
have died. Clinically the only symptoms seen are inappetence and 
general weakness. At post-mortem the lesions resemble very closely 
those of heartwater, and the only way to differentiate these two 
diseases is the microscopic examination of the intima smears, and 
of sections of the hippocampus for the presence of Rickettsia vumi - 
nantium . A very important difference between “ virus A ” disease 
and heartwater is the fact that the former can be transmitted to 
horses, in which a mild reaction is produced after an incubation 
period of 18-21 days. 

In the tables mentioned in Appendix 1 it will be noticed that 
“ virus A 99 produced febrile reactions in heartwater immune and 
susceptible sheep on several occasions. This complicated the inter¬ 
pretations of the reactions and necessitated further sub-inoculations 
in order to ascertain the nature of the febrile reactions. 

The experiments are discussed under two headings: — 

A To determine the duration of the immunity in heartwater 
and to ascertain whether immunologically different 
strains exist. 

B. To determine how* this immunity is maintained. 

A. TO DETERMINE THE DURATION OF THE IMMUNITY IN 
HEARTWATER AND TO ASCERTAIN WHETHER IMMU¬ 
NOLOGICALLY DIFFERENT 8TRAIN8 EXIST. 

1. Experimental Sheep. 

The details of the experiments on which this discussion is based 
are given in Appendix 1. A large number of sheep was used and 
the observations on the various groups of sheep are presented in 
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tabular form at the end of each experiment. Another table summa¬ 
rizing the results of all the experiments described in Appendix 1 
is given at the end of this discussion. In addition the same 
information is given on a chart on which the observations are 
demonstrated graphically. It will be seen that an insufficient number 
of sheep were available for each group. Nevertheless the data gives 
one some idea about the duration of the immunity. 

For these experiments merino sheep which had recovered from 
an artificial infection of heartwater were used. These sheep together 
with a large number of others which were fully susceptible to 
heartwater were kept in a camp comparatively free of ticks. During 
the period in which they were kept in the camp no reactions and 
no deaths from heartwater were observed. Tt was therefore concluded 
that a natural infection of heartwater did not take place. In order 
to confiiiii this observation 13 of the susceptible sheep which are 
mentioned in Appendix 1 Table 8 (n) were used as controls to these 
experiments. Besides these 13 controls at least 2 susceptible sheep 
were included in each group of recovered heartwater sheep which 
were being tested for their immunity. Wherever possible the 
endothelial cells of the jugular veins of the control sheep that died 
were examined for the presence of Rikett&ia rmniaantium in ordfer 
to be sure that the reactions observed were due to heartwater and 
not jK)ssiblv due to “ virus A ” disease. It is of interest to mention 
that on several occasions it was possible to demonstrate the presence 
of R. rumincmtium in the endothelial cells of the jugular veins of 
sheep which had died early in the evening, the next morning 
approximately 12 hours after death. In most of the sheep the 
decomposition changes were far advanced at the time when the post¬ 
mortem examination was carried out. In some instances where a 
sheep died late in the afternoon, and where it was not possible to 
carry out a post-mortem examination the same day, the jugular 
veins were removed and placed in a refrigerator and examined the 
next morning for the presence of parasites. This procedure proved 
very satisfactory. In one instance small portions of the jugular vein 
which were kept in a refrigerator were examined daily for a period 
of 10 days after the death of the animals. Rickettsia colonies which 
showed slight morphological changes could be demonstrated through¬ 
out this period. Whether they were still viable or not can not 
be stated as no biological test was made. 

2. Origin of thk Heartwater Struns. 

* 

All the ten strains mentioned below were obtained from different 
localities in the Transvaal. An opportunity did not present itself 
to study the nature of the heartwater strains which are known to 
occur in Natal and in the Cape Province. 

(1) The strains “ C.853 ”, “ C.8G0 ” and “ C.1024 ” were 
isolated from three naturally infected cattle which were 
exposed at Onderstepoort. 

(2) The strain “ S.4377 ” was isolated from a naturally 
infected sheep that contracted the disease at Onderste¬ 
poort. 
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(3) The “ Harding ” strain was isolated from a naturally 
infected ox in the vicinity of Pretoria. 

(4) The “ Krugersdorp 99 strain was isolated at Krugersdorp 
from naturally infected sheep which contracted the 
disease while they were on their way from the Low veld 
in the Eastern Transvaal. Krugersdorp lies on the High- 
veld of the Transvaal, and heartwater may make its 
appearance there in animals that have recently been 
introduced from areas where heartwater is known to exist. 
The climatic conditions of the High veld are such that 
the bont-tick (Amblyomma hebraenw) does not thrive 
there. 

(5) The “ Mara 99 strain was isolated from naturally infected 
sheep that were exposed on the Government Experimental 
Station at Mara near Louis Trichardt in the Zoutpansberg 
district. 

(6) The “ Northern ” strain w r as isolated from naturally 
infected sheep which were exposed on the Government 
Experimental Station at Northam in the Itustenburg 
district. 

(7) The “ Strydom 99 strain of heartwater was isolated from 
naturally infected cattle on a farm in the vicinity of 
Warmbad in the Waterberg district. 

i8) The 44 Zoutpansberg ” strain of heartwater was isolated 
from naturally infected cattle in the Zoutpansberg 
district. 

3. Summary of the Immunity and Cross Immunity Tests. 

The observations made in experiments 1-9 ( b ) which are men¬ 
tioned in Appendix 1 have been summarized in Table 2 of the text. 
It will be seen that a solid immunity was present in 121 sheep 
for periods up to 58 months after recovery in all of them with the 
exception of 10 sheep in which febrile reactions due to the heart- 
water test injection were noticed 7 to 34 months alter recovery. 
No clinical symptoms other than febrile reactions were noticed. 
Of the 8 sheep which had recovered from the 44 Mara 99 strain febrile 
reactions were seen after 7 months (1 sheep), after 12 months (1 
sheep), after 15 months (1 sheep), after 16 months (1 sheep); after 
25 months (1 sheep), after 30 months (2 sheep) and after 34 months 
(1 sheep), on testing their immunity against the “ Mara 99 heart- 
water strain. In one sheep which had recovered from the 44 S.4377 9 ' 
strain of heartwater a mild reaction was noticed on testing the 
immunity against the 44 Mara 99 strain 20 months after the primary 
reaction. Another sheep which recovered from both “ Strydom 99 
and 4 ‘ Mara 99 strains reacted on testing the immunity after 10 
months wdth the “ Strydom 99 strain of heartwater. The mild 
reactions indicated that there was still a partial immunitv present. 
The cause of death in one sheep which was exposed at “ Mara ” 
six mouths after recovering from the “ S.4377 ” strain could not 
He definitely determined. The other febrile reactions in the tested 
sheep were due to Ep. ovis in 5 cases and due to “ vims A ” in 
5 cases. 
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4. Discussion. 

The results of the experiments indicate that once an animal 
has recovered from heartwater a solid immunity lasting for periods 
up to 58 months may be expected. In a few individual animals 
however only a partial immunity may be present after a period of 
7 months. These observations conform with those made under 
field conditions. The fact that it was possible to demonstrate the 
presence of heartwater “ virus 99 by sub-inoculating blood into 
susceptible sheep from partially immune sheep, which were reacting 
to the heartwater immunity test has brought forward a very 
important practical point in connection with the control of heart- 
water in the field. Should partially immune animals become re¬ 
infected w'ith heartwater, they can act. as excellent reservoirs for 
infecting ticks. The disease can therefore be maintained in the 
absence of fully susceptible animals. Mortality due to heartwater 
can therefore be expected on apparently heartwater free farms when 
susceptible stock is introduced. 

In these experiments no immunological difference could be 
detected between the various strains employed. lleactions sometimes 
followed by death, have been noticed in cattle and sheep reared 
on heartwater veld. Such reactions should not be ascribed to a 
reinfection with an immunologically different strain but to a partial 
or a complete loss of immunity. 


B. TO DETERMINE HOW THE IMMUNITY 18 MAINTAINED 
IN HEARTWATER. 

1. Summary of the Experiments Described in Appendix II. 

In experiments 10 and 11 mentioned below, attempts were made 
to asceitain how ihe immunity is maintained in heartwater. In case 
of the bacterial diseases most of .the essential aspects of immimily 
are known, because many methods are available for the in vitro 
and in vivo studies of the bacteria and their products. In case of 
heartwater, only in vivo investigations can he carried out. The 
cultivation of 72. ruminantium on artificial media and the transmis¬ 
sion of this disease to small laboratory animals have not been 
successful up to the present (Mason and Alexander 1938). 

The blood sub-inoculations recorded by Alexander (1931) have 
shown that the virus may still be present 35 days after a heartwater 
reaction. Donatien and Lestoquard (1937) state that they were able 
to demonstrate the presence of heartwater “ virus 99 in sheep 105 
days after recovery. Two sheep that received large quantities of 
blood from a sheep 105 days after recovering from heartwater failed 
to react to heartwater, but a third sheep which was injected with 
an emulsion prepared from the endothelial cells of the blood vessels 
reacted to heartwater 23 days later. This animal died and at post¬ 
mortem the characteristic exudations which are seen in heartwater 
were observed. No attempts were made by them to confirm their 
diagnosis by sub-inoculation of blood into susceptible sheep or by 
demonstrating the presence of 22. ruminantinm . 
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In the experiments described in detail in Appendix II splenec¬ 
tomy of heartwater recovered sheep and the sub-inocnlation of blood 
and organ emulsions weie carried out in older to ascertain wither 
11 . ruminantium can be demonstrated in the recovered heartwater 
sheep. 

The results of experiment 10 can be summarized as follows: — 
The splenectomy of 5 recovered heartwater sheep, resulted in a 
relapse to either Eperythrozoon ovis , Anaplasma ovis or Theileria 
ovis, but not to heartwater. The rfile, if any, which is played by the 
spleen in maintaining the immunity in heartwater appears to be 
totally different to that observed in the protozoal diseases. Blood 
was sub-inoculated from two of the splenectomized sheep at varying 
intervals up to 45 days after the operation. Of the 20 sub-inoculated 
sheep only one reacted to heartwater, while the others reacted to 
Anaplasma ovis or Eperythrozoon ovis . The sheep which reacted to 
heartwater, had received blood from the splenectomized sheep, which 
had recovered from heartwater 00 days previously. The concentra¬ 
tion of the heartwater “ virus '* of the splenectomized sheep must 
have been very low, because another sheep injected at the same time 
failed to react. The presence of the heartwater “ virus " apparently 
did not stand in any relation to the splenectomy and in all probability 
would also have been demonstrable at that time had the spleen 
not been removed. 

In the experiment 11 in which blood, endothelial cell scrapings 
of the jugular vein and emulsions prepared from the organs, were 
injected into 24 susceptible sheep no heartwater reactions were 
observed. On the contrary in three of the sub-inoculated sheep 
reactions due to “ virus A M resulted. 

2. Disctssion. 

Of the 44 sheep which received either blood organ emulsions or 
endothelial scrapings prepared from the jugular veins, only one 
sheep reacted to heartwater. This sheep received blood from a 
splenectomized sheep which had recovered from heartwater (50 days 
previously. In three of the heartwater recovered sheep the presence 
of “ virus A ” could be demonstrated bv sub-inoculating blood into 
susceptible sheep. From the above results it is imposMble to explain 
how the immunity is maintained in heartwater. If the immunity is 
a premuuition one would have expected that several more sheep 
should have reacted in these tests, particularly those that were 
injected with endothelial cells or organ emulsions. All that is 
known at the present moment is that It. ruminantium may be present 
in sheep 31, 60 and 105 days after recovery. Whether this parasite 
is still present after this period in sheep that were found to be 
solidly immune after several years is not known. Another aspect 
of the immunity that can not be explained is that in several of 
the heartwater recovered sheep only a partial immunity was observed. 
If the immunity is due to a labile infection the question arises, why 
is it partial in some animals? 

Before final conclusions can be drawn it is suggested that further 
experiments of this nature be carried out. It should however be 
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remembered that recovered heartwater sheep may harbour latent 
infections of other diseases, and that a febrile reaction that may occur 
in a subinoculated sheep need not necessarily be that of heartwater. 


(tknkual Conclusions. 

1. Studies were undertaken in order to ascertain whether 
immunological different strains of heartwater referred to by Spreull, 
Theiler and Alexander exist. For this purpose cross-immunity 
experiments with 10 strains obtained from different localities ill the 
Transvaal were utilized. No difference was detected. 

2. During the investigations “ virus A ” disease which produces 
a febrile reaction in sheep very similar to that of heartwater was 
observed on several occasions. The origin of the virus is not clear, 
hut it would appear that a small number of the passage sheep har¬ 
boured this infection. The mortality from this disease is very low 
viz. 2 per cent., and the lesions at post-mortem resemble very closely 
those of heartwater. The possibility exists that this disease may 
have been responsible for some of the febrile reactions and even 
deaths, which w^ere noticed by the earlier workers. This suggestion 
is made because in the limited number of animals used in these 
experiments the presence of “ virus A ” was encountered no less 
than 8 times. 

3. The susceptibility of the horse to “ virus A ” and the resis¬ 
tance of the horse to heartwater can be employed as a method to 
differentiate the two diseases, and in case of a mixed infection as a 
method to obtain a pure strain of “ virus A ”. 

4. The duration of the immunity was studied in 121 sheep for 
a period up to 58 months after the recovery' from a heartwater 
reaction. A solid immunity lasting for at least 0 months was 
observed. In the majority of cases the immunity is complete after 
this period, but in a very few only t a partial immunity may be present 
at 7, 10, 12, 15, Hi, 20, 25, -H) mid 34 months after recovery. 

5. It is suggested that partially immune animals reacting to 
heartwater can play an important role in maintaining heartwater 
infection in the bont-tick in the absence of fully susceptible animals. 

0. iSplenectomy of heartwater recoverd sheep does not result in 
a relapse. In one of the splenectomized sheep the presence of heart- 
water in the circulating blood could be demonstrated 00 days after 
recovering from the heartwater reaction. 

7. Experiments to demonstrate the presence of Rickettsia rumi- 
nantium. for a period longei than 00 days by the suhiiioeulation of 
blood and organ emulsions from recovered heartwater sheep were 
entirely negative. 


LITERATURE. 

ALEXANDER. R. A. (1931). Heartwater: The present state of our knowledge 
of the disease. 17th Dept. of Dir. of Vet . Seri?, and Anl. hid. Union 
of S.A., pp. 89-150. 


256 



W. 0. NKITZ. 


DE KOCK, G., VAN HEERDEN, C. J., DU TOIT, R. and NEITZ, W. 0. 
(1987). Bovine Theileriasis in South Africa with special reference to 
Theileria Mutant. Ond-erstepoort Jnl. of Vet. Sc. and Anl. Ind Vol. 8, 
No. 1, pp. 9-125. 

DONATIEN, A. and LESTOQUARD, F. (1937). £tat actuel des connaissances 
sur les Rickettsioses animates. Arch. Inst. Pasteur d'Alg&rie , Vol. 15, 
No. 2 pp. 142-187. 

MASON, J. H. and ALEXANDER, R A (1938), Som6 aspects of rickettsial 
diseases of man and animals in South Africa. Acta (Jonventus Tertii de 
Tropicis Atquc Malariae Mo tins.. Part 1, pp. 526-550. 

NEITZ, W. ().. ALEXANDER, R. A. and DU TOIT, P. J. (1934). Eperythro - 
zoon ovis a cause of anaemia in sheep. Address Biological Society 
Pretoria . 15f/t March , 1934. 

NEITZ, W. 0.. ALEXANDER, R. A., DU TOIT, P. J. (1934). Eperythrozoon 
avis (sp. nov.), Infection in sheep. Onderstepoart Jnl. Vet. Sc. and Anl. 
Ind., Vol. 3, No. 2, pp. 263-271. 

NEITZ, W. 0. (1937). Epcrythrozoonosis in sheep. Ond crate poor t Jnl. Vet. 
Sr. and Anl. Ind.. Vol. 9, No. 1, pp. 9-30. 

NKITZ, W. 0. (1937). The transmission of lieartwater to and from Bleshuck 
(l)tmalisnis Albifrons) hy means of the Bont Tick (Amblyomma 
hebiae.um). (hideratepoort Jnl. of Vet. Sc. and Anl. Ind., Vol. 5, No. 1, 
pp. 37-46. 

THFILER. A. (1909). immunity in tropical and suh-tropical diseases. The 
Veterinary liart etiological Laboratories Transvaal Dept, of Agrinilture t 
pp. 33-35. 


APPENDIX 1. 

A. To DKTKUM1NK '111K DURATION IX THK 1 IMMUNITY OF HKAHTW AThll AND TO 
\M KUTAIN WHKTHKR IMMUNOLOGIC\LT.Y OlFFEHRfNT STRAINS KXIST. 

Expenment 1 (S.1888. S.2142. S.2143. S.2149 and 8.217)0). 

Obiert .—To test the immunity of sheep and goats with the same strain or 
a strain other than that from which the animals had recovered. 

Method - 22 sheep and 2 goats which had recovered from “ Harding ”, 
“ Zoutpansberg ”, “ Krugcrsdorp ”, “ C.853 ”, ” (\860 ” and “0.1024 ” 

strains of lieartwater were injected with blood from sheep reacting to the 
strains indicated in Table 1. The sheep used for maintaining the various 
strains acted ns controls. 

Itesidt .—All the animals listed in Table 1 were found to he solidly immune 
for a period of 27 to 303 days after receiving the infective dose of lieartwater 
blood. The control sheep all reacted to heart-water; most of them died. 

('omiustan - No immunological difference could he detected between the 
six strains employed in these experiments. 

Experiment 2 {a) (S.5507). 

Object. -To compare the resistance of sheep susceptible and of slieep 
immune to heart water to a natural infection of lieartwater. 

Method .—23 susceptible sheep and 10 sheep which had recovered from an 
artificial infection of the heartwater strain “ K.4377 ” were exposed at Mara 
in the Northern Transvaal, a locality which is known to he a very bad 
heartw’ater area. 

Itesult.- -It will he noticed from Table 2 (a) that of the 23 susceptible 
sheep 12 died from heartwater from the 20th to the 35th day after exposure, 
2 showed clinical symptoms and recovered and in 9 no symptoms were observed. 
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Of the 10 heart water recovered sheep mentioned in Table 2 (b), 8 showed 
no clinical symptoms, one dic’d and at the post mortem examination showed 
lesions resembling those of heart water, and another died showing multiple, 
localized abscesses in the lungs. 

Conclusion .—The mortality in the susceptible sheep was 52 per cent. 
Although no clinical symptoms of heartwater were observed in 9 of the 
susceptible sheep exposed at Mara, it is assumed that these sheep reacted 
mildly to a natural infection of heartwater. It seems hardly possible that 
these sheep could lmvt' escaped from a natural infection if one considers the 
presence of the large number of bout ticks that occurred on the veld at the 
time. The duration of immunity of H of the se sheep and of one which showed 
clinical symptoms of heartwater are discussed in the following experiment 2 (b). 
In 8 of the immune sheep the immunity was solid for a period varying from 
70 to 257 days after recovering trom an artificial infection of heartwater. The 
cause of death could not he determined in one of the sheep on account of the 
Jack of facilities at the time in the field to carry out the necessary examination. 

Experiment 2 (b) 

Object .—To ascertain whether 9 of the sheep that survived from a natural 
infection at Mara are immune to heartwater for a period of approximately 
21-28 months after exposure. 

Method .-—The 9 sheep mentioned in Table 2 (a) together with 2 susceptible 
sheep wore injected intravenously with blood of the “Mara” strum* of 
heartwater. 

Result .—All the 9 sheep were found to lie immune. Three of them however 
reacted to Epenjthmzoon or/*, and one of them died from this infection 88 
days after receiving the test dose. The 2 susceptible control sheep both reacted 
and died of heartwater. 

Ciinclusions .—The immunity was so.id against the homologous heartwater 
strain for a period of 21-28 months after exposure at Mara. ' Ep. ons produced 
febrile reactions in three of these animals. 


Experiment. 2 (f). 

Object .—To test the immunity of the 8 sheip, which bad recovered trom 
the “ S.1877 ” strain of heartwater, and which had also been exposed at Mara, 
approximately 22 months later, against the “ Mara ” strain of heartwater. 

.1/ eihod.— These sheep together with 2 susceptible ones were injected 
intravenously with blood of the “ Mara ” strain of heartwater. 

Result.--The 8 sheep referred to in Table 2 (b) did not react whereas both 
control sheep reacted and died from heartwater. 

Conclusion .—The imniiiiiits was solid against the homologous strain of 
heartwater for a period of 22 months after exposure at Mara, and for a period 
of 25 to 81 months after recovering from an artificial infection wdtli the 
heartwater strain “ S.4377 

Experiment 3 (S.5G8S and S.5690). 

Object .- - To test the immunity of 2 sheep which lmd recovered from a 
natural, and 3 sheep which luid recovered from an artificial infection of the 
“ Northajn ” strain of heartwater approximately 12 months after recovery. 

Method.—The 5 sheep together with 2 susceptible ones were injected 
intravenously with blood of sheep reacting to the “ Mara ” strain of heartwater. 
The two sheep that recovered from the natural infection at Northam in the 
Rustenhurg district reacted to Eperythrozoon ovis. The two control sheep 
both reacted and died. 

Conclusions .—The 5 sheep were found to be solidly immune approximately 
12 months after recovering from heartwuter. No immunological difference 
could be found between the “ Northam ” and the “ Mara ” strains of 
heartwater. 
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Table 2 (a). 

Experiments 2 (aj and 2 (b) QS>.5507 ).—Sheep susceptible to heartivater exposed at Afara. 
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Table 2 (6). 

Experiment 2 (c) (iS\5o07 ).—Sheep immnue to “ S.4377 ry strain of heaitwater exposed at Mara. 
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Experiment 4 (a) (8.5691). 

Object .—To test the immunity of 2 sheep which had recovered from an 
artificial infection of the “ Mara ” strain against the “ Northam ” strain of 
hoartwater approximately 2 months after recovery. 

Method. —The two recovered sheep and 2 susceptible ones were injected 
intravenously with blood of a sheep reacting to the “ Northam ” strain of 
heart water. 

Result .—The two sheep mentioned in Table 4 were found to he immune, 
whereas both the controls reacted and died. 

Conclusion .—There is no immunological difference between the 

“ Northam ” and “ Mara ” strains of heartwater. 


Experiment 4 (b ) (S.5G91). 

Object. --To test the immunity of the two sheep mentioned in experiment 
4 (a) and Table 4 for a second time with the “ Mara ” strain of heartwater 
approximately 12 months after the first immunity test 

Method .—Blood from a sheep reacting to heartwater was injected intra¬ 
venously into the above-mentioned and into two susceptible sheep. 

Result. -One sheep showed no reaction, whereas the other 41021 developed 
a febrile reaction on the loth day. Subsequent subinoculation experiments 
showed that this reaction was caused by “ virus A ”, The control sheep 
reacted and died of heartwater. 

Conclusion The immunity was solid for a period of 14 months after 
the recovery from the “ Mara ” strain of heartwater, and for a period of 
12 months after the first immunity test with “ Northam The febrile 
reaction observed in one of the sheep was caused by lt virus A ”. 


Experiment 5 (8.5507, S.5527, S.5G23, S.5G27, S.5961 and 8.6006). 

Object .—To ascertain the duration of immunity in sheep which had 
recovered from nu artificial infection of the “ Mara ” strain of heartwater. 

Method .—The eight sheep mentioned in Table 5, together with two sus¬ 
ceptible ones, were injected intravenously with the “ Mara ” strain of 
heartwater. 

Result .—Jt will be noticed that in six of the sheep no febrile reactions 
were noticed. One sheep 41016 showed a febrile reaction which may have 
been due to hoartwater. This observation, however, was not confirmed by 
subinoculation into susceptible sheep. Sheep 47051 showed a febrile reaction 
due to “ virus A ” which disease was first noted in experiment 4 (b). It 
was not possible to demonstrate the presence of heartwater “ vjyiis ” in 
sheep 39185, in which no reaction w*as observed. 


Both the control sheep reacted to heartwater and died. 

Conclusion .—The immunity against the homologous strain of lieartw r ater 
was solid for a period of 12 to 23 months in seven of the tested sheep. In 
one sheep whose immunity was tested after 25 months a febrile reaction, 
probably due to heartwater, w r as noticed. The mild febrile reaction noticed 
in another of the sheep was due to 11 virus A In an immune sheep cir¬ 
culating virus could not bo demonstrated by subinoculation of blood. 
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Experiment 4 («) and 4 (6) (S.5691 ).—Immunity test in sheep that recovered from lt Mara 99 strain of heartwater. 
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Experiment 6 (S.4377 and S.6095). 

Object .—To ascertain whether sheep which had recovered from an arti¬ 
ficial infection of the heartwater strain “ S.4377 ” are immune to the 
“ Mara ” strain approximately 20 months after recovery. 

Method .—Virulent “ Mara ” heartwater blood was injected intravenously 
into two recovered and two susceptible siieep. 

Remit. -The details of the results will be found in Table 6. One of the 
Nheep was found to be solidly immune. In this animal circulating heartwater 
could not be demonstrated by the subinoculation of blood into susceptible 
sheep. The febrile reaction noted in the second sheep was found to be due to 
heartwater. This sheep, however, did not show any clinical symptoms. 

Conclusion .—The immunity in one of the sheep was complete for a period 
of 20 months, and in the other a mild febrile reaction, due to heartwater, 
was observed. It would thus appear that although the sheep reacted a 
sufficient resistance or partial immunity was still present to prevent a severe 
attack. 


Experiment 7 (a) (S.4377, S.5722 and S.6045). 

Object .—To note the nature of immunity in sheep which had recovered 
from an artificial infection of heartwater strain “ S.4377 ” hy testing them 
with tho u Mara ” strain approximately seven to 11 months after recovery. 

Method - Virulent heartwater blood was injected into the six recovered 
and into two susceptible sheep. 

Result. It will be noticed from Table 7 that all the sheep were immune. 
Both controls reacted and died. 

Conclusion. - The sheep were found to be fully immune for a period of 
seven to 11 months after recovery. No immunological difference could be 
detected between the “ Mara ” and tin* “ S.4377 ” heartwater strains. 


Experiment 7 (6). 

Object.-- To test the immunity of the six sheep mentioned in experiment 
7 (a) and Table 7 for a second time against the “ Mara ” strain of heart- 
water approximately 15 yionths after the first immunity test. 

Method.- Virulent heartwater blood was injected intravenously into the 
six sheep and also into two susceptible ones. 

Result .—Jn five of the sheep no reactions a ere noted. In one of tin* 
animals a reaction due to “\irns A” was noticed and in another a febrile 
reaction due to heartwater was seen 

Conclusion .—The immunity was solid for a period of 20 to 25 months 
after the recovery from the “ S.4377 ” strain and for a period of 15 months 
after the first immunity test with the “ Mara ” strain of heartwater. In 
one sheep a mild febrile reaction due to heartwater was noticed 24 months 
after recovery from the primary reaction and 15 months after the first 
immunity test. 


Experiment 8. 

Object.—To tost the immunity of 32 sheep which had recovered from an 
artificial infection of the “ Mara ” strain of heartwater against the same 
strain three to 41 months after recovery. 

Method —Virulent “ Mara ” heartwater blood was inoculated intra- 
vououslv in doses of 10 c.c. into the 32 heartwater recovered sheep mentioned 
in Table 8 and into 11 susceptible sheep mentioned in Table 8 (a). 
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j Result .—All the susceptible sheep reacted to heartwater, and eight died, 
fn the smears prepared from the intiina of the jugular veins of the latter 
Rickettsia ruminantium could bo demonstrated. Of the 32 recovered heart- 
water sheep, 27 showed no reaction and five showed febrile reactions, when 
tested after periods of seven, nine, 16 and 30 months. None of these sheep 
died 


Conclusions .—The immunity in the majority of sheep was solid for periods 
up to 41 months after recovery. In only five of the sheep febrile reactions 
due to heartwater were noticed when tested at intervals from seven to 30 
months after the primary reaction. The control sheep were found to be fully 
susceptible, indicating that the camp in which the sheep were ullowed to run 
was free of infected heartwater ticks. 


Experiment 9 («). 

Object .—To test the immunity of 9 sheep mentioned in Table 9 which had 
recovered from an artificial infection of the “ Strydom ” or “ Mara ” strain 

of heartwater 1 to 25 months after recovery from the “ Mara ” or the 

“ Northam ” strain of heartwater. 

Method.—(\) The 3 “Strydom*’ heartwater recovered Bheep each received 
10 c.c. virulent “ Mara ” heartwater blood intravenously. 

(2) The 4 “ Mara ” heartwater recovered sheep each received 10 c.c. 

virulent “ Mara ” heartwater blood intravenously. 

(3) The 2 “ Mara ” heartwater recovered sheep each received 10 c.c. 

virulent “ Northam ” heartwater blood intravenously. 

Result. —It will be seen from Table 9 that all the sheep were found to be 
solidly immune to the strains of heartwater used. Febrile reactions due to 
“ virus A ” disease were observed in two of the sheep which recovered from 
the “ Strydom ” strain of heartwater. 

Conclusions .—The immunity was complete for periods varying from 1 to 
25 months after recovery from heartwater. No immunological differences could 
be detected between the “ Mara ”, “ Strydom ” and “ Northam ” strains of 
heartwater. 


Experiment 9 (b). 

Object. —To test the immunity of the 9 sheep mentioned in experiment 

9 for periods varying fiom 9 to 58 months after the recovery from the 

infection • 

Method. —(1) The 3 sheep that recovered from the “ Strydom ” strain of 
heartwater and 2 susceptible sheep mentioned in Table 8 (a), each received 

10 c.c. virulent “ Strydom ” heartwater blood intravenously. 

(2) The 6 sheep that recovered from the “ Mara " strain of heartwater 
each received 10 c.c. virulent “ Mara ” heartwater blood intravenously. The 
10 susceptible sheep which were inoculated with virulent “ Mara ” heartwater 
blood in experiment 8 also served as controls in this experiment. 

Result.-(1) It will be seen from Table 9 that 2 of the “ Strydom ” heart- 
water recovered sheep were solidly immune after an interval of 9 months. The 
third animal which was tested after 10 months showed a febrile reaction and 
recovered. Both the susceptible sheep injected with the “Strydom” strain 
of heartwater reacted. One of them died, and ill the smears prepared from 
the intima of the jugular vein Rickettsia ruminantium could be demonstrated. 

(2) Five of the “ Mara ” recovered sheep were found to he solidly immune 
when tested at intervals of 28 to 58 months after the primary infection. In 
the remaining sheep a mild febrile reaction due to heartwater was observed 
when tested after 34 months. 

Conclusions. —Out of the 9 sheep 7 were found to he solidly immune for 
periods varying from 9 to 58 months. Febrile reactions were noticed in 2 
sheep at 10 and 34 months after the primary reaction. 
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Table 5. 

Experiment 5 (S.ooOT, X.5527. *'.5623, N.5627, *'.5961 and N.6096 ..—Immunity test in sheep that ivtovered from “ J/ara 

/>/ heartu-ater. 
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T\ble G. 

Experiment 6 (£.4*377 and £.6095 ).—To test the immunity of sheep that re covered from “ £.4377 ’* strain atjatnsf 

“ Mara ,s strain. 
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APPENDIX II. 

B. To DmuitMiNB How the Immunity is Maintained in Hkaatwatui. 
Experiment 10 (8.012*1). 


Object. To ascertain whether sheep that have recovered irom heartwater 
will show a relapse to this disease after splenectomy. 

Method - 1. Five sheep which are mentioned in the appended Table 10 
(a) were splenectomized by Dr. Quinlan, of this Institute. Two of these 
animals had been infected artificially with heartwater two months previously, 
two approximately three months previously and one which was exposed to a 
natural infection 16 mouths ago had been subsequently reinfected with blood 
three and a halt months before it was operated on. 

2. Blood front two sheep 451)72 and 46053 was injects! into susceptible sheep 
before the operation and subsequently at varying intervals up to 45 days 
after the removnl of the spleen. 

3. The temperatures were recorded twice daily. 

Blood smears were examined daily for the appearance of blood parasites. 

Result .—The details of the observations are mentioned in Tables 10 (a) 
to 10 (v). It will be noticed that sheep 37862 showed a relapse to Ep.oris , 
sheep 35004 and 37362 relapsed to A.or is and sheep 45072 and 40053 showed 
relapses to both A.oois and Th.oris. In none of these splenectomized animals, 
however, was a heartwater reaction noticed Of the 10 sheep which were 
injected with blood of sheep 46053. seven reacted to A.ovis. one to A.oris 
and Ep.oris , and two showed no blood parasites. No reactions to heartwater 
were noticed in any of these sheep. A heartwater immunity test showed all 
the sheep to he fully susceptible. 

Of the 10 sheep which had been injected with blood irom 45972, six reacted 
to . 1 .oris, two reacted to Ep.oris and A.oris, one reacted to Ep.oris , and one 
reacted to A.oris and to heartwater. A heartwater immunity test gave 
reaction in all the sheep except in sheep 43089, which had reacted previously 
to heartwater after receiving blood Irom sheep 45972 on the ninth day after 
splenectomy. 

Conclusion. - The splenectomy of heartw'ater recovered sheep resulted in 
a relapse to A.ovis, Ep.oris and Th.oris. but not to heartwater. The presence 
of circulating heartwater “ virus " in sheep 45972 w r as demonstrated by the 
subinoculation of blood into sheep 43089 on the ninth day after splenectomy. 
The concentration of “ virus n in tl)is sheep must have been very low. 
because sheep 54832, which was injected at the same time as 43089. failed 
to react. 


Expeilinent 11 (S.6400, S.6137 and 8.6403). 

Object.—To ascertain how long recovered heartwater sheep may remain 
carriers of Rickettsia iuminnntium. 

Method .—For this experiment three sheep which had recovered from an 
artificial infection with the “ Mara M strain of heartwater were used as 
indicated in the subjoined Table 11. 

(a) Sheep 48596 was destroyed approximately four and a half months 
after receiving the infective dose of heartwater blood. Organ emulsions in 
saline prepared from the brain, liver, kidney, spleen, the endothelial cells 
of the jugular vein and blood were injected into susceptible sheep. 
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(6) Sheep 48360 was destroyed approximately four months after being 
infected with heartwater “ virus Blood, organ emulsions, and the en¬ 
dothelial cells of the jugular veins were injected into sheep. 

(c) Blood of sheep 48021 was injected into several sheep 63 and 60 days 
after being infected with heartwater. 

Itesult. — (a) None of the sheep injected from 48690 reacted to heartwater. 
The two sheep which received the injection of blood, reacted to “virus A". 
These sheep were later found to be susceptible to heartwater. The Bheep 
which received the organ emulsions were found to be susceptible to “ virus A 
Their susceptibility to heartwater was not tested. 

( b ) No heartwater reactions were observed in any of the sheep injected 
from 48360. Four of the sheep reacted and died as the result of a heartwater 
immunity test. 

(c) The sheep injected from sheep 48021 failed to react to heartwater. 
In one of them, however, a reaction to “ virus A ” was observed. This sheep 
and another one were subjected to a heartwater test. Both of them reacted 
and recovered. 


Conclusion .—It was not possible to demonstrate the presence of 
Bickettsia rumjnantium by the subinoculation of blood, endothelial cells of 
the jugular vein and organ emulsions from the three recovered # sheep after 
a period of 63 to 135 days after receiving an infective dose of "heartwater. 
Two of the sheep were found to be carriers of the “ virus A 
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Table 10 ( b ). 

Subinoculation of blood from splenectomized sheep 45972 mentioned in Table 10 (a). 
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Table 11. 

The injection of blood and organ emulsions of recovered heartivater sheep into susceptible sheep . 
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Table 11 ( continued). 
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Section II. 


Virus Diseases. 


Schulz, K. A riekettsiosis new to South Africa. 
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Onderst e/poo rt Journal of Veterinary Science and Animal 
Industry , Volume 1*3, Xu in her 2, October , 19*39. 

Printed in the Union of South Africa by the 
Government Printer, Pretoria. 


A Rickettsiosis New to South Africa. 


By K. SCHULZ, Section of Pathology, Onderstepoort. 


The object of this preliminary note is to record the occurrence of 
Rickettsia ovum in the monocytes in blood, intima. and lung smears 
of two sheep sent in during January, 1939, by the Government 
Veterinary Officer, Mr. *J. 0. de Wet, District (irootfontein, South 
West Africa. 

The rickettsiae were more prevalent in the smears of one animal 
than in those of the other. A field containing two affected cells is 
reproduced below. 



It may be of interest to mention briefly the observations recorded 
by Mr. de Wet regarding the above outbreak. 

Severe losses, confined to the sheep only—cattle and goats not 
being affected—occurred on this farm over a period of about 12 
months. The symptoms appeared very suddenly and animals, which 
had a normal appearance the previous evening, were found dead the 
next day. In fact a number of eases was noticed to oil only for 
about two hours prior to death. Not a single case suffering from 
this disease has yet recovered. 
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The animals became recumbent, lay on their side with 
outstretched legs, the head turned backwards and appeared to be 
unconscious. The eyes nrotruding from the orbit appeared glassy. 
A febrile condition was suspected. 

On autopsy ticks were numerous on all sheep examined, but 
no heartwater producing ticks could be found. The changes noted 
on post mortem simulated those of heartwater to some extent, namely 
hyaropericardium, hydrothorax, ascites, subepicardial and subendo¬ 
cardial haemorrhages, hyperaemia and oedema of the lungs, tumor 
splenis with prominent Malpighian bodies, soft and pulpy kidneys. 
To exclude this disease, the hippocampi of the above two sheep and 
those of other animals sent in at the same time were examined for 
Rickettsia ruminatium , although the officer stated that no heart- 
water ticks were found on the sheep in that vicinity. The result 
of the histological examination of this material was, however, 
negative for heartwater. 

The former Government Veterinary Officer of Grootfontein, 
Ur. Sigwart, described similar symptoms in sheep on the same farm, 
but in addition mentioned that paralysis of the hindquarters and 
opisthotonus were seen in some of the sheep shortly before death, 
lie applied the vest pocket test for cyanide poisoning with negative 
results. The presence of arsenic could not be demonstrated in the 
material sent to Onderstepoort for that purpose. Tie found numerous 
blue ticks and bontleg ticks on the sheep and stated that the veld 
conditions on this farm were dry and showed signs of overstocking. 
In addition a fairly marked verminosis consisting of wireworms, 
tapeworms and nodularworms was recorded in some sheep. 

A blood smear sent in hv him proved to be negative on 
microscopical examination and in the brain material of affected sheep 
the causal organism of heartwater could not be found. 

» 

From the above it would appear that the heavy mortality among 
the sheep cannot be attributed to a rickettsia infection alone, but 
possibly also to contributory factors such as verminosis, tick 
infestations and nutritional disturbances. 

Much to our regret, as no further cases occurred by the time the 
diagnosis was made, it was impossible to investigate the outbreak 
further. 


Lestoquard and Donatien have described Rickettsia oiuna a 
parasite of the monocytes in the blood of sheep in Algiers and 
Anatolia. They were able to exclude anthrax, piroplasmosis and 
pernicious anaemia as a possible cause of the mortality. By 
inoculating bone-marrow and blood of affected sheep subcutaneously 
into susceptible ones, a febrile reaction was produced and R. ovina 
was demonstrated in the peripheral blood. Based on the results of 
their experiments they suggest that Rhipirephahis bursa is the vector 
of this rickettsia. 
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As 1ft. ovina occurs exclusively in the monocytes, presenting a 
morphology analogous to that of R. cams and R. bo vis , and as it is 
often frequent in the peripheral circulation, it can be easily 
differentiated from R. rvmwntimn, the causal organism of heart- 
water. 

It may be mentioned here that my colleague, Mr. W. 0. 
Neitz, was good enough to show me a preparation in which he had 
already found R. ovina in a blood smear of a sheep from the Brits 
area in the Transvaal prior to the arrival of the material from South 
West Africa. As this was a single case he naturally refrained from 
publishing it. 

Obviously no research can be undertaken on this new condition 
until active outbreaks are discovered from which further material 
including live ticks can be obtained. This brief note is therefore 
published in the hopes that veterinarians in the field who encounter 
similar conditions will report them to enable further investigation. 


REFERENCE. 

D0NAT1EN, A. ET LESTOQUAKI), F., Etat actual do oonnaissanoes sur les 
Rickettsiosos animales. Arch, de Vlnxtitut Pasteur d'Alacrie XXV: 142, 
1937. 


289 




Section III. 


Bacteriology. 


Henning, M. \V. and Serological variants of Salmonella typhi- 
Haig, I). murium isolated from South African 

animals. 


Sterne, U . The use of anthrax vaccines prepared 

from avirulcnt (uncaj)sulated) variants of 
Jiarillus antluacis. 


Sterne, M. The immunization of laboratory animals 

against anthrax. 


291 
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Serological Variants of Salmonella typhi - 
murium Isolated from South 
African Animals. 


By M. W. HENNING and 1). HAIG, Section of Bacteriology, 

Ondeistepoort. 


A nvmjjek of epizootics in domestic animals caused by LoefHers 
Bacterium typhi-murium , containing both factors IV and V, have 
been described by Henning (1989). In the description given here 
we have confined ourselves mainly to the study of strains of typhi - 
murium lacking factor V. These were obtained from outbreaks of 
paiatyphoid in pigeons, horses and cattle. 

A. Dickons. 

Three epizootics ha\e been investigated. Since Moore’s (189b) 
description of a septicaemic disease in pigeons due to a bacillus of 
the hog cholera group several outbreaks of salmonella infection have 
been recorded in these birds. In most of the epizootics the disease 
was a paratyphoid infection per sc, but in the outbreaks described 
by Zingle (1914) and Gash and Doan (1901) the laxly was invaded 
by a salmonella and the infection occurred under certain adverse 
conditions like pigeon-pox or alleged myeloid hyperplasia of the 
bone-marrow. In Holland, Keitsma (192b) and Sahaya and Willems 
(1927) recorded the acute form of the disease in young birds and 
the chronic form in adults, hi Germany, Heck and Meyer (1927) 
and Beck (1929) described outbreaks of typln-munum in adult as 
well as young birds, while Beige (1929) regarded this organism 
as the most important cause of disease in pigeons. In America, 
Beaudette (1920), Kmniel (1929), Jungherr and Wilcox (1904) and 
Edwards (190b, 1908) all investigated a septicaemic disease in 
pigeons in which typhi-murium, was incriminated as the cause. All 
pigeon strains studied by Edwards were shown to be lacking in 
factor V. In most countries paratyphoid is generally regarded as 
one of the most serious diseases of pigeons. 

Outbreaks of food poisoning in man have l>een traced to foodstuffs 
derived from pigeons affected with paratyphoid. Glarenburg and 
Dornickx (1902) described an epidemic involving 20 persons in a 
hospital at the Hague. The source of infection was proved to he 
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pudding containing as an ingredient pigeon eggs. The outstanding 
symptoms were fever, diarrhoea, vomiting and gastro-enteritis. 
Typhi-murium was obtained from the blood, faeces and urine of the 
patients as well as from the pudding. The eggs were obtained from 
pigeons infected with paratyphoid and typhi-murium was actually 
isolated from some of the suspected eggs. 


Outbreak 1. 

History. 

In August, 1938, one of us (D.H.) autopsied three valuable 
Oriental Frills brought to the laboratory by the owner, Ur. L. Y T . 
Pearson, from Durban for investigation. About two hundred birds 
were kept by him in well-constructed lofts with concrete floors, while 
the floors of the adjoining lofts were covered with drift sand. The 
pigeons were valued at about £300 and approximately as much 
had been spent on the housing. 

The pigeons, composed of different breeds, were bought mostly 
from a local dealer; some of these were imported from the Fast, 
and had previously given negative slide agglutination tests with 
gallinarum; others were imported from leading fanciers in England. 
The first deaths occurred in January, 1938, when 16 birds died 
within a few days. Death was usually very rapid—some pigeons 
that appeared normal the day before were found dead the following 
morning; others frequently developed symptoms of vomiting and 
diarrhoea which lasted for a few days before the birds died. Poison¬ 
ing was suspected so that a complete change was made in the food, 
water and feeding utensils. After a few more deaths the mortality 
ceased. In March, however, some fancy pigeons were bought and 
placed in the loft; within three days one died suddenly and three 
developed diarrhoea. Two of the latter died and one recovered. 

In May a number of pigeons were imported from England and 
mixed with some valuable birds bought locally. Within a few days 
four of these birds had contracted a severe diarrhoea, from which 
all died. Periodical outbreaks occurred until March, 1939, when 
this paper was written. In all about eighty pigeons have died 
from the disease and twenty carriers have been detected by means 
of blood testing. Some of the latter were birds imported from 
England and in one case a reactor was detected on its arrival in 
South Africa. This proves that the infection was picked up in 
England and that the disease also exists in England. 

The disease was usually characterised by its sudden onset and 
rapid ending. Several pigeons developed a green diarrhoea which 
generally lasted for a few days before death occurred. A few 
lingered for two weeks or longer and became extremely emaciated. 
In some cases arthritis and swelling of the joints developed, leading 
to lameness and dropped wing; occasionally there were indications 
of serious nervous disturbances, like twisting of the head, twitching 
ot* the neck and incoordination of movements. Only two of the 
sick birds recovered * the one was destroyed before its serum could 
be tested, while the other one proved to 1 m* reactor. 
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The following interesting observations have been made during 
Ur. Pearson’s outbreak. 

(1) Last year Dr. Pearson imported from England an Oriental 
Frill hen (Ring No. 2650) which had to be destroyed shortly aftei 
its arrival owing to a broken leg and wing. Before it was killed, 
however, an egg was laid. A Homer hen (Ring No. 378) that was 
used as foster parent hatched the egg and reared the young pigeon 
derived from the egg. Later this young Oriental Friil (Ring. No. 
SAPA 136) was tested and found to he a reactor. Just previously the 
hen (No. 378) had hatched and reared eight of her own squabs 
which remained healthy and proved to be non-reactors on two 
successive testa. 

The hen (Ring No. 378) proved to be a carrier after rearing 
136. Later it was destroyed and found to suffer from oophoritis. 
Typhi-mvrivm was isolated from the affected ovary. 

(2) An imported Buldheud Tumbler (Ring Xo. 204) acted as 
toster parent to two Oiimtal Frill squabs. She hutched and ieared 
them until they weie about 3 weeks old, when she died from para¬ 
typhoid. One of the Squabs also died from paratyphoid when about 
6 weeks old. The other young pigeon (Ring No. 130) was tested 
as soon as it was old enough to be bled and proved to be negative 
for one test. Its father (Ring No. 1045) was found to be a non- 
rear tor during two tests, while its mother (Ring No. 2006), although 
giving a negative reaction at the first test, proved to be positive 
subsequently. 

(3) A Mag-pie cock (Ring No. 3406) and hen (Ring No. 342(0 
were paired m 1038. The hen died from paratyphoid fever in 
February, 1030. The rock was tested twice; the first test, in 
February, was negative but a subsequent one in March was positive?. 

(4) A couple of imported Saddle-back Tumblers, of which only 
the cock (Ring No. 734) was a reactor, first produced two squabs 
(Ring Nos. SAPA 136 and SAPA 137) both of which reacted. The 
one, a male (No. 137), was slaughtered hut cultures made from 
the internal organs and intestinal contents failed to yield typhi- 
mnrivm , the title of the second one (No. 136) was apparently going* 
down and the bird was being kept under observation. As a result of 
the second mating two more eggs were laid and hatched; one of 
the squabs died in its shell and the other (Ring No. SAPA 125) 
proved to be a reactor (title 1:100). As the dead squab was not 
available for study, cultures could not he made and the cause of 
death remained unproven. 

In some cases Dr. Pearson had locked in their nest-boxes, with 
their non-reacting mates, birds that subsequently proved to lie 
reactors without infecting the former. There was no evidence, how¬ 
ever, that the birds were shedding the bacteria. 

There is no doubt that the disease has been kept going on the 
premises by a number of apparently healthy pigeons that remained 
carriers. By means of serological tests performed by us at different 
occasions twenty reactors were detected among birds that appeared 
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quite normal and healthy; from the organs of some of these, typln- 
murium has been isolated. It is thought that the infection was 
introduced by a pigeon imported from the East and bought from a 
local dealer in Durban by J)r. Pearson. At the time of its intro¬ 
duction this bird was suffering from a form of diarrhoea, but as it 
was not available for examination at the time of the investigation 
neither serological nor cultural tests could be performed. 

Autopsy of affected birds revealed extensive intestinal catarrh, 
swelling of the spleen and liver, necrotic nodules in the liver and 
lungs, oophoritis and chronic (purulent) arthritis. A pure culture 
of a Gram-negative, non-lactose fermenting bacterium was isolated 
from the heart-blood and spleen of diseased birds, and studied by 
one of us (M. W. H.) for its antigenic structure. The organism 
(labelled culture 548) was found to be motile and diphasic; it was 
readily agglutinated by “ 0 ” sera of group Tl of the Kauffmann- 
White schema, by typhi-murium type serum and by group sera. 
Mirror absorption tests showed that ty phi-murium completely 
exhausted the agglutinins from 548 serum, but that culture 548, 
although removing all the type and group agglutinins from typhi- 
rnurium serum, merely reduced its “ 0 n title from 800 to 400. 
Moreover, tyjrfii-murium var. Copenhagen completely exhausted 548 
serum and culture 548 removed all the agglutinins from typkt - 
murium var. Copenhagen serum. The antigenic structure of culture 
548 can be regarded, therefore, as identical with that of typhi - 
murium var. Copenhagen , which lacks “ 0 ” factor V. 

In order to determine the extent of the infection the owner 
was advised to have his flock tested for carriers. Thick blood smears 
were taken from 150 birds and tested by the rapid agglutination 
method, using as antigen a thick suspension of culture 548. Seven 
of the slides gave definite fine, granular flocculation, and about ten 
gave an indefinite reaction. The owner was advised to send the 
seven reactors to Onderstepoort for further testing. Soon after their 
arrival the birds were bled and tjtieir sera used for the agglutination 
test (Table I). * 

Subsequently all the remaining birds were tested twice by the 
tube agglutination method with the result that a further number 
(14) of reactors were detected; some of these are also recorded in 
Table I. 

According to the information recorded in Table I it will be 
noticed that the sera of all ten birds contained exclusively “O” 
agglutinins. There was no trace of either type or group agglutinin 
in the serum of any of the “ 0 M reactors at a dilution of 1 :20. 

Nine of the pigeons were slaughtered and autopsied, and 
cultures w r ere made from the internal organs (heart blood, liver, 
peritoneum, spleen, intestine and ovary or testes) of each one. hour 
of the birds were males and five females. One of the former (No. 
496) was affected with chronic arthritis of the left hock and two 
suffered from enlarged testes (Nos. 296 and 2062), but no other 
pathological changes could be detected in any of the male birds. 
Cultures made from the pus of the affected joint of one of the male 
birds (No. 496) and from the liver, spleen, testes and heart-blood 
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of all of them remained sterile. All five of the females were affected 
with oophoritis. In addition, two were suffering from a mild chronic 
peritonitis, and one from both peritonitis and pericarditis. All five 
showed a variable amount of swelling of the spleen, but no apparent 
abnormality could be detected in the liver. Heart-blood, spleen and 
liver cultures made from the females yielded no growth, but a 
gram-negative, non-lactose fermenting organism resembling culture 
548 was obtained from the ovaries of all five. A similar bacterium 
was obtained from a culture made from the peritoneal fluid of one 
bird, but not from the peritoneal fluid of the other four, nor from 
the pericardial fluid of the one affected with pericarditis. Cultures 
made from the intestinal contents of all nine pigeons yielded only 
lactose-fermenting Gram-negative bacteria. Tn all cases the material 
was seeded on MacConkcy’s bile-salt agar in Mason tubes as well as 
in tetrathionate broth. 



T.wi.t 

i 



Agglutination Reactions of th 

c Sera 

of Carrier Pigeons. 


548 

i 

548 | 

548 

Result of 

Serum of. 

“()” ( “type” , 

“ group ” 

Organ 


Antigen. | Antigen. 

Antigen. 

Cultures. 

♦Female Pigeon No. 458. 

20 1 

0 

0 

Ovary and heart 





blood pos. 

Female Pigeon No. 463. 

100 

0 

0 

Ovary, pos. 

Female Pigeon No. 488. 

, 400 

0 

0 

Ovary, pos. 

Female Pigeon No. 492. 

200 i 

0 

0 

Ovary, pon. 

Male Pigeon No. 490. 

400 

0 

0 

Negative. 

Male Pigeon No. 490. 

1(H) 

0 

0 

Negative. 

Female Pigeon No. 493. 

8(H) 

0 

0 

Ovary and peritoneal 





fluid, pos. 

Male Pigeon No. 2062. 

80 

0 

0 

Negative. 

Male Pigeon No. 137. 

40 

0 

0 

Negative. 

Female Pigeon No. 378. 

80 

0 

0 

Ovan, pos. 

Rabbit immunised with 548... 

800 

12800 

64(H) 

— 


0 = lens than 1 : 20; pos. -- positive culture from the organ stated, cultures from all 
Other organs boing negative; negative - no growth of typhi-muriuw obtained from any 
organs examined. 

* At a subsequent test the titre of Pigeon 158 had dropped to 1 : 10. 


Although l'igeon 548, the sixth female, also gave a positive 
reaction when a number of birds were tested in October, 1938 (Table 
1) the titre of its serum w r as so low’ (1:20) that it w*as considered 
advisable to keep it under observation for some time rather than kill 
it for the purpose of examining its organ*. 

In April, 1939, this bird was again bled and its serum tested. 
A definite “ O M agglutination was obtained only in the fiist tube 
i.e. at a dilution of 1:10. There was no “ II ” agglutination at 
all and no distinct “0” agglutination at 1:20. Approximately 
a week after the test the pigeon w T as noticed sick, it appeared listless, 
and sat huddled up in a coiner of its cage with its feathers ruffled 
and was suffering from diarrhoea. The evacuations were duty-grey 
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and soiled the cloacal feathers. The bird refused to eat and died 
after an illness which lasted about a week. The carcase was 
autopsied, but apart from swelling of the liver and enteritis, no 
pathological changes could be seen. Cultures made from the heart- 
blood, liver and ovary yielded a poor growth of typhi-murium , but 
no typhi-murium could be found in the media seeded with intestinal 
contents. From October, 1988, until the time of its death in May, 
1939, Pigeon 548 was kept alone in a cage and did not come in 
contact with any other bird. 

The sera of a number of obviously sick birds were tested before 
death, but all failed to give “ 0 ” agglutinations at dilutions of 
1:120 and over. 

The six strains of non-lactose fermenting bacteria isolated from 
the female birds Mere found to be actively motile and diphasic; 
all six strains proved to be identical with culture 548. It is signifi¬ 
cant that all six female carrier birds harboured in their ovaries 
typhi-murium var. Copenhagen which yielded cultures of actively 
motile bacteria, whereas the agglutinins found in their sera were 
exclusively of the “ 0 ** variety. Only six female carriers were 
examined and typhi-murium Mere obtained from all six.* Rabbits 
injected with killed suspensions of these strains of typhi-murium 
produced in their sera type, group as well as 44 ”0 ” agglutinins. 

This observation is in agreement with the findings of Pijper 
and his co-workers on typhoid fever (Pijper, 1930; Pijper and 
Pullinger, J928; Pijper and Crocker, 1937). They consider that 
a diagnosis of enteric fever “ hinges on the demonstration of 4 0 1 
agglutination Seven of the chronic human carriers studied all 
gave a marked and exclusive 4 4 0 ” agglutination in a serum 
dilution of 1 :100 with a sensitive strain (Ty 901). Two urinary 
carriers that gave only 41 0 ” agglutination produced “ H 
agglutinins after a series of subcutaneous injections of typhoid 
vaccine. They confine their seavch for human carriers entirely to 
the complement-fixation and “ 0 M agglutination tests, completely 
ignoring 44 T1 " agglutination. Weil (1921) attributed the close 
relationship between these two tests to the fact that complement- 
fixation is primarily provoked by 44 O ” antigens. In practice 
Daubenton (1981) confirmed Pijper’s work; by simply prohibiting 
all African Natives with positive 4 * 0 M agglutination tests from 
working as cooks on a goldmine he succeeded in considerably 
reducing the incidence of typhoid fever. 

Outbreak 11. 

History. 

This outbreak (Rogers) occurred in a flock of about 50 Homer 
pigeons kept in wooden lofts w f ith the floors covered with wood 
shavings. Attached to the lofts is an aviary of wild birds, and in 
another loft about twenty yards away some fancy pigeons are kept. 

# Since going to press, another four females were autopsied and typhi- 
murium. wag isolated from the ovary of each one. 

298 



M. W. HENNING AND D. HAIG. 


The Homers have been kept in the present lofts for about three 
years. Apart from a few losses clue to so-called “canker ” (probably 
trichomoniasis) no deaths have occurred until October, 1938, when 
five young pigeons suddenly developed nervous symptoms associated 
with twisting of the neck and falling over backwards. The duration 
of the disease was usually about five days. One of the sick biids 
brought to the laboratory (Allerton) was autopsied and it showed 
the following lesions:—swelling of the spleen, catarrh of the 
intestine, and caseous purulent material in the spaces between 
the cerebrum and cerebellum; a Oram-negative, non-lactose 
fermenting bacterium (Culture 570) was isolated fiom this purulent 
material. This organism was found to be motile and diphasic; it 
also fell into group B of the Knuifmnnn-White schema. Aggluti¬ 
nation and absorption tests showed that it resembled culture 548 
in every lespect; like culture 548 it lacked factor V, and its type 
and group antigens were identical with those of typin'-murium. 


Outbreak III. 

A third outbreak of / // phi- mutuum in lection in pigeons 
(Pieter,sen) was also studied by us. The birds were bought at a 
dispersal sale and were transported for several hundred miles to 
their new quarters where the disease broke out. A pure growth 
of typhi-murium (culture 029) was obtained in heart-blood, spleen 
and liver cultures made from several pigeons. Serological tests 
performed in the same way as for culture 548 showed that the 
bacterium is a strain of typhi-murium which contains both factors 
IV and V, differing, therefore, from the organisms isolated in the 
two previous outbreaks. 

In the three outbreaks studied the following symptoms and 
lesions have been observed: — 

Symptoms. 

(«) Amite and peracute symptoms are usually manifested by 
young birds and sometimes by adults when the disease suddenly 
makes its appearance in a loft that was previously free from infec¬ 
tion. In peracute cases, a bird that was apparently healthy the 
night before is found dead the following morning without having 
shown any symptoms of disease. In acute cases the pigeon lives 
for a day or two and typical symptoms have had time to develop. 
The bird is noticed to be off its food, it stands listless and huddled 
up with its feathers ruffled and it may suffer from severe diarrhoea, 
vomiting, thirst, pneumonia and progressive weakness. Sometimes 
there are nervous symptoms leading to convulsions, and paralysis 
of the muscles of locomotion and flight. When there has been 
continuous scouring the bird becomes extremely exhausted after a 
day or two with its vent feathers badly soiled. The mortality is 
always very high and recoveries are rare, but when an affected bird 
recovers it generally remains a carrier and so serves as a continuous 
source of infection. *Sometimes, as in the ease of Hr. Pearson’s 
outbreak, considerable losses are sustained from this acute form 
of the disease in birds of all ages. 
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( h) Subacute and chronic symptoms are generally shown by 
adult birds. The affected pigeons frequently suffer from a form of 
diarrhoea which may last for weeks or even months. They usually 
lose condition in spite of good food and become progressively 
weaker and weaker until they are finally extremely emaciated before 
the end arrives. Birds affected with pneumonia may also live for 
some days before they die. Nervous symptoms and arthritis are 
fairly common. In this latter case the affected joints are swollen 
and painful, there is drooping of the wings and lameness or paralysis 
of the affected limb. When the nervous system is affected the birds 
may suffer from convulsions, twisting of the neck, incoordination 
of movements and paralysis of the muscles of locomotion and flight. 
All chronic cases should be regarded as dangerous as they may serve 
as reservoiis of infection as long as they remain alive. All the 
female reactors autopsied by us were found to be suffering from 
oophoritis and typhi-murium was isolated from the affected ovaries. 

Lesions .—In acute cases there are generally indications of a 
septicaemia giving rise to swelling of the spleen and liver, acute 
catarrhal enteritis, and pneumonia; sometimes small greyish 
necrotic nodules are scattered throughout the lung and liver tissue, 
and even the pectoral muscles. 

In chronic cases the carcase is usually extremely emaciated; 
there is softening and atrophy of the pectoral and leg muscles, and 
sometimes numerous greyish nodules are found in the pectoral 
muscles; there is arthritis with a purulent or caseo-purulent material 
distending the joint capsule; there may be necrotic nodules on and 
ulceration of the mucous membrane of the intestine, necrotic nodules 
in the liver and lungs, pericarditis and peritonitis. Oophoritis is 
common in females and males sometimes suffer from orchitis. 
Meningitis may be a lesion in some outbreaks. 

Some infected birds may live for months and so act as carriers 
without showing any obvious signs of illness. Such birds are 
particularly dangerous as they may set up a virulent epizootic at 
any time when they are brought in contact with healthy birds. 

Beaudette (1920) lias found typhi-murium in the unabsorbed 
yolk-sacs of young birds and isolated this organism invariably from 
the ovaries of female carriers. 

As shown above all the six female earners autopsied by us 
suffered from chronic oophoritis, and typhi-murium was isolated 
from the ovary of each one. Olarenburg and Dornickx (1932) 
obtained typhi-murium from the eggs of carrier birds, but so far 
we have not yet succeeded in isolating the bacterium from eggs. 

There are several factors which predispose the birds to infection 
with paratyphoid organisms, e.g. overcrowding, chilling, exposure 
to unhygienic conditions, transportation for long distances, infection 
with an intercurrent disease like pigeon-pox, or exposure to any 
factor that is liable to reduce the vitality and resistance of the birds. 
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B. Eqitines. 

Ilenning and Clark f 19^8) described an outbreak of purulent 
arthritis in the foals of a stud in the Orange Free State, l'yphi - 
wurivm var. Copenhagen was found to be the cause of the disease. 
A pure culture of this organism was obtained from the pus of the 
affected joints. Agglutination and absorption tests were performed 
in the same way as with culture 548 and identical results were 
obtained. 

According to information obtained from the manager of the stud 
where the outbreak occurred there is no evidence that pigeons have 
ever been kept in or near the stables; hut. the place abounds with 
Hock Doves, DialiphUa phaeonota . 

C. Bovin ks. 

More recently one of us (M.W.H.) studied an outbreak of calf- 
pneumonia in a dairy herd in Johannesburg. Several calves were 
reported sick from time to time and the majority of these died. The 
affected calves were weak and emaciated, lay most of the time and 
developed a dry cough; the breathing was usually fast and there 
was a dirty purulent discharge from the nose; diarrhoea was 
sometimes present. Three sick calves were killed and autopsied, and 
the following pathological changes were observed: The carcase was 
extremely emaciated; hard casein clots (and in one case, wood 
shavings) were found in the abomasum. In the first calf the liver 
was swollen and light yellowish-brown in colour, and several small 
light necrotic-looking areas were noticed on the cut surface; the 
spleeu was slightly enlarged. In the other two cases the liver and 
spleen appeared normal. In all three calves the most outstanding 
changes were found in the thorax—there were hydiothorax and 
hydropericardium, and tlie lungs were extensively affected; there 
were adhesions between the costal and pulmonary pleurae, and large 
portions of the lung tissue were hard, consolidated and dirty in 
colour. On section numerous abscesses, varying in size, were 
exposed, the largest ones being up to 3 c.m. in diameter; i)regular 
light-grey necrotic foci were scattered in the tissue between the 
abscesses. The contents of the abscesses were generally semi-fluid 
and varied in colour from dirty-white to slatey-blue; some of the 
abscesses appeared vacuolated. Cultures were made from the heart- 
blood, liver, spleen and lungs of all three calves, and organ specimens 
were taken for histological study. 

In the first calf a pure culture of a Gram-negative non-lactose 
fermenting bacterium was obtained from the liver, spleen and 
heart-blood; this organism was labelled culture 580 and is described 
below. The culture from the lungs yielded a mixed growth of a 
Gram-negative organism (probably the same as culture 580), a 
Gram-negative, bipolar staining organism and a pleomorphic Gram¬ 
positive cocco-bacillus. 

Cultures made from the organs of the second and third calves 
did not yield any organisms resembling those of culture 580 obtained 
from the first calf, but the growth from the lungs of the second calf 
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was composed predominantly of Gram-positive diphtheroids and a 
few colonies of a Pasteurella. The cultures made from the lungs of 
the third calf yielded an apparently pure growth of Gram-positive 
diphtheroids. 

The coeco-baeilli obtained from the three calves appeared to be 
identical. They refused to grow on ordinary meat-infusion agar, 
but on serum agar or blood agar they gave rise to a faint confluent- 
growth after 24 hours’ incubation. The individual colonies were very 
fine and barely visible in less than 48 hours. When the cultures were 
incubated tor two or three days the colonies became larger and more 
distinct. Morphologically and culturally the organism resembles 
corynchactenuni pyogenes, but a more detailed study of the bacterium 
is being undertaken and will form the subject of another paper. As 
the lung lesions presented by the three calves resemble those usually 
associated with corynebacferium infection (Iiovell and Hughes, 1935) 
the cause of the pneumonia is provisionally attributed to this 
organism. The presence of the Salmonella (culture 580) in one calf 
is ascribed to secondary causes—this organism probably gained 
admission into the tissues of the calf after its resistance had been 
lowered by pneumonia due to the corynebarterivm . A vaccine 
produced from culture 580 and used in the affected herd did not lower 
the incidence of calf pneumonia. 

The significance of past cure! Jan in the lungs of the two calves 
cannot be appraised at present. It is well known that pastenrellas 
frequently invade the pulmonary tissues of cattle and sheep suffering 
from pneumonia (Henning and Brown, 193(5) but their presence may 
be due either to primary or secondary causes. As these pastenrellas 
were found to be non-pathogenic for mice and guinea-pigs they can 
be regarded as secondary invaders. 

Like strain 548, culture 580 was tested against various st 0 ”, 
type and group sera of the Kauffmann-White schema and it was also 
found to be a strain of byphi-munam. Moreover, mirror absorption 
tests proved it to he a IV-variant of typhi-mvriyin identical with 
culture 548 and, therefore, with typhi-murium var. Copenhagen. 
The owner of the dairy states that pigeons have never been kept 
on the premises and that the calves have never been off the premises. 
The only other record of the isolation of the IV-variant of typhi- 
murium from a bovine is that of Hohn and Harrmann (1937). 

During his study of the paratyphoid B group Schutze (1920) 
found the two strains, Binns and Timson, serologically alike and 
called them the Binns type; he also showed that they were 
serologically related to typhi-murinm. White (1920) failed to 
isolate a specific strain from Binns and concluded that it occurs 
permanently in the non-specific phase; he also noticed that it 
contained qualitatively a little less of the aertrycke “ O ” complex. 
As a result the following assignment was piven to Binns: —IV, 
V: — : 1, 2, 3. After studying several strains of Binns, however, 
Edwards (193(5) showed (I) that they all contained specific com¬ 
ponents characteristic of typhi-murium and (2) that they all lacked 
“ 0 ” factor V. He, therefore, amended the antigenic formula of 
typhi-murium var. Binns to read IV: i: 1, 2, 3. This is identical 
with the formula assigned by Kauffman (1934) to the organism 
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typhi-murinm var. Copenhagen described by him and it is also 
identical with the formula given by Edwards (1935) to typhi-murium 
var. Stores. But Landsteiner and Levine (1932) were the first to 
notice that certain strains of typhi-murium may be devoid of “ 0 ” 
factor V. 

Recently several other workers have reported strains of 
IV-variants. Thus, Zalm (1935) found one out of 74 cultures of 
typhi-murium studied; Hoffman and Edwards (1937) and Hohn 
and Herrmann (1937) have isolated a number of strains of this 
variant from pigeons. Holm and Herrmann have recorded one 
culture from a calf. Edwards (1938) studied 155 strains of typhi- 
murium of animal origin. All the IV-variants encountered were 
obtained either directly or indirectly fiotn pigeons; one culture was 
isolated from rabbits which had been in contact with infected pigeons. 
All thirty cultures obtained from pigeons were IV-variants. Later 
Edwards studied several more IV-strains from pigeons, also one from 
a duck and one from a chicken. 

Discussion of Biochemical Reactions. 

In the biochemical tests the following points were observed: — 
The eight cultures from the Pearson outbreak were identical 
biochemically as well as serologically. Their antigenic structure 
resembled that of Kauffman’s S, typhi-murium var. Copenhagen , but 
unlike the latter they all fermented inosite; their reaction to the 
Stern test was definitely positive while Kauffman’s strain was only 
slightly positive. Moreover, the latter have a much stronger reaction 
with Jordan and Harmon’s test than the Pearson strains. The Kogei 
strain (culture 57G differed from the Pearson strains biochemically 
by failing to ferment inosite, but resembled them otherwise, both 
biochemically and serologically. The Pietersen strain (culture G29) 
which was a typical typhi-numum , containing both factors IV and V, 
gave a negative Stern reaction and a strongly positive Jordan and 
Ilarmon test, otherwise it resembled the Pearson strains bio¬ 
chemically. 

The Calf strain (culture 580) lesemhled the Pearson strain sero¬ 
logically and also biochemically excepting for the fact that it gave 
a slightly positive Stern and a strongly positive Jordan and Harmon 
reaction. The Foal strain (culture 478) was a typical IV-variant 
serologically but biochemically it differed from the Pearson strains 
by giving a strong Jordan and Harmon reaction and by failing to 
ferment Arabinose. 

The organism obtained from a chicken outbreak (culture 357), 
a typical typhi-murium , differed biochemically from tw r o Stock 
strains of typhi-murium (Glasgow* and Weybridge) by failing to react 
to the Bitter test and by not fermenting inosite. The tw r o canary 
strains (cultures 581 and G2G) resembled the two stock strains of 
typhi-murium both antigenically and biochemically. 

These results show' that the eight cultures of typhi-murium 
(IV-variants) isolated from the Pearson outbreak were all identical 
antigenically and biochemically, but that the four strains of 
organisms isolated from the four separate outbreaks (Pigeons 2, 
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Table 2. 

Biochemical Tests of Various Strains and Variants of S. typhi-murium and of one Strain of Paratyphi-B. 
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+ = positive, — = negative, ^ = slightly positive, 4 - J- and — -j—-(in Jordan) degrees of positive reaction, typhi-murium var. Copenhagen 

and typhi-murium var. Storrs = typhi-murium' var. Bin ns. Stem — Fuchsin broth according to Stem (1916). Bitter = R ham nose medium of Bitter 
Weigmann and Habs (1926). Jordan = d — tartrate agar of Jordan and Harmon (1928). 
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Calves 1, E'oals 1) were nil diffeient in their biochemical reactions, 
although they were all identical seiologically. Moreover, not one 
of the four strains of typhi-nvuvium (IV-variants) described by us 
gave the same biochemical reaction as either the Copenhagen or 
Storrs variety of the bacterium. 

St’MHAKY. 

Outbreaks of t yphi-umrium have been described in pigeons (3), 
foals (1) and calves (1). The antigenic structure of the different 
strains isolated was studied and it was shown that, with the excep¬ 
tion of one strain from an epizootic in pigeons, all were lacking in 
factor V 7 . The strain obtained from the one epizootic in pigeons 
contained both factois IV and V. 

By means of agglutination tests several earners were detected 
among the pigeons, but all the reactors contained exclusively “ 0 
agglutinations—no trace ot 1J. agglutination could he detected in any 
one of the curriers. All the female carriers suffered from oophoritis 
and actively motile strains of typln-mvrium were obtained from all 
the affected ovaries. 

It was not possible to isolate 1 yphi-murium from the internal 
oigans studied and intestinal contents of any one of the male carriers. 

The diseases in the calves was associated with a cocco-bacillus 
infection, probably Corynehoefcrium pyoycnes, which may he the 
primary cause of the pneumonia. 

In foals the organism isolated from the pus of the affected joints 
is probably the real cause of the joint-ill. 
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The use of Anthrax Vaccines Prepared from 
Avirulent (Uncapsulated) Variants of 
Bacillus anthracis. 


By MAX STERNE, Section of Bacteriology, Onderstepoort. 


A TKdiMqiK has been described (Sterne 1937a, 1937b) for 

consistently obtaining avirulent, immunogenic variants from virulent 
anthrax strains. The results of field and laboratory tests with 
vaccines prepared from such variants will be described in this paper. 

Expkhimknts. 

To Find Out How Long Suspensions of A ('indent Variants 
Retained their Immunizing Rower. 

Avirulent variants 22A a , 33B a , 34 A a , and 34F S were grown on 
nutrient agar until fully sporulated. The spores were suspended in 
50 per cent, glycerine-saline. Their concentration was approximately 
300,000 per c.<\, which is, roughly, that in vaccine prepared here 
oidinarily. Sheep were inoculated, subcutaneously, with 1*0 c.c. 
Table 1 gives the results of these laboratory tests. 

Table 1. 


1 




Rksclt of 

Test with 


Isolated 

Vaccine 

Sheep 

1 Vue lent Spores on 

Avirulent 

from 

prepared 

Immunized 



Variant 

Virulent 

from 

with 




Strain on 

Avirulent 

Vaccine on 

Immunized 

Normal 



Variant on 


Sheep. 

Controls. 

- 

22 A |. 

5.2.36 

13.7.36 

31.7.36 

6/6 

0/4 




22.fl.36 

6/6 

0/4 

33B t . 

27.7.36 

13.8.36 

14.8.36 

5/6 

0/4 




7.8.37 

5/6 

0/4 

34 A |. 

7.8.36 

13.8.36 

14.8.36 

5/6 

0/4 




7.8.37 

6/6 

0/4 

34F t . 

10.8.36 

10.6.38 , 

14.6.38 

6/8 

0/2 




12.6.39 

6/6 

0/2 


5/6 a= 5 sheep out of 6 lived. 
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THE USE OF ANTHRAX VACCINES. 


The vaccine prepared from strain 22A a was potent after nearly 
iwo months, and that prepared from strains 33B a , 34A a , and 34F a 
after a year. It should also be noted that the vaccine from 34F a 
was prepared two years after the isolation of this variant. 


Tahlb II. 

Duration of Immunity Produced in Guinea-pigs by an 
Avirulent Variant. 


Guinea Pigs. 


I 



Tested with 

Immunized 

100 M.L.D. 

with 34F a 

Vaccine 

on 

Strain 


on 

29. 3.39 

5. 6.39 

25.11.38 

13.12.38 

25.11.38 

19.12.38 

25.11.38 

5. 6.39 


Result ok Test on 


Immunized Norma) 

Guinea Pigs. Controls. 


3/3 

5/5 

3/3 

3/3 


0/4 

0/12 

0/6 

0/4 


The results showed that guinea-pigs were solidly immune six 
months after vaccination. 


Immunity Tests with Vaccines Prepared from A virulent 
Variants 22X 2 and 34F a . 

All batches of avirulent vaccine, except the first, were prepared 
from strain 34F a . This was isolated from a virulent strain on 10.8.3(1. 

i 

Preparation of vaccine .—The strain was* grown on buffered 
nutrient agar, pH 7*4, at 37° C. Sporulation was always complete 
after three days. The spores were washed off with saline and this 
suspension added to twice its weight of glycerine. The growth should 
not be washed off later than the third day, because it then adheres 
tenaciously to the medium. The stock glycerine-saline suspension 
was diluted 1:50 to 1;25 with 50 per cent, glycerine-saline for issue 
to the field. The dose for cattle, 10 c.c., contained 600,000 to 
1,200,000 spores per c.c. After the middle of 1938, avirulent vaccine 
issued to the field was suspended in 0*5 per cent.,saponin in 50 per 
cent, glycerine-saline. This improved the immunizing power of the 
vaccine. [vSterne, Robinson and Nicol (1939)]. Jfo saponin ivas 
added for the laboratory tests. Table III summarizes the results of 
the laboratory titrations on sheep. Guinea-pigs could always he 
Immunized solidly against 1 to 500 M.L.J). of a Pasteur II vaccine. 
These titrations are omitted for the sake of brevity. 

Thus, under laboratory ^ conditions, batches prepared from 
variant 34F a consistently elicited a sound immunity in sheep. 
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Table III. 


Strain. 

Batch 

No. 

No. of 
Doses 
Prepared. 

Prepared 

on 

' 

Sheep 
Immu¬ 
nized on 

Result of Test with 
Virulent Spores on 

Immu¬ 

nized 

Sheep. 

Normal 

Controls. 

22 A,. 

4 

80,000 

13.7.36 

31.7.36 

6/6 

0/4 

34F,. 

14 

300,000 

11.3.37 

— 

— 

— 

34F|. 

19 

300,000 

18.5.37 

18.5.37 

10/10 

0/2 

34F a . 

21 

250,000 

7.6.37 

8.6 37 

7/8 

0/2 

34F„. 

24 

500,000 

6 9.37 

7.9.37 

10/10 

0/2 

34F 2 . 

25 

500,000 

20 9 37 

21.9.37 

10/10 

0/2 

34F a . 

39 

300,000 

10.6.38 

14.6.38 

10/12 

0/2 

34F*. 

50 

500,000 

21 2.39 

23.2.39 

10/12 

0/2 

34 F,. 

51 

700,000 

4.4.39 

4.4.39 

10/10 

0/2 

34 F 2 . 

52 

900,000 

21 4.39 

24.4 39 

9/20 

0/2 

34 F s . 

53 

700,000 

9.5.39 

9.5.39 

8/10 

1/2* 

34 F 2 . 

54 

700,000 

22.5.39 

22.5.39 

7/10 

0/2 

Totals. 

i 

5,730,000 

— 

— 

97/108 

1/24 


♦ During the three years covered in Table III, 63 further normal Bheep were used as 
controls for other batches of ordinary vaccine. All died. The one control that lived 
(Batch 53) showed no reaction at all, and also no reaction to a second inoculation of a large 
virulent test dose. It is possible that a sheep immunized previously was used here as a 
control. 


Field Tests with Vaccines Prepared from Avirulent Variants. 

These were started in 1936, and the amount of vaccine issued was 
increased as experience was gained of its use. To date, June 1939, 
about 2,700,000 doses have been used. 

Batch 4.—In 1936, 1,350 doses were issued for cattle. 
Reactions were inconsiderable, and a severe outbreak of anthrax 
was stopped. 

Batch 14.—Tn May and June 1937, about 300,000 doses were 
used for cattle. There was an absence of severe reactions, even in 
highly-bred stock. Four animals were reported to have died, but 
it is doubtful whether the vaccine was responsible for the deaths. 

Batch 19.—Only a few doses used. 

Batches 21, 24, 25.—These were issued (1,250,000 doses) up to 
April 1938. By this time the avirulent vaccines had shown them¬ 
selves safer than the ordinary vaccine and were being used, as a 
routine, for dairy cattle and higly-bred stock. 

Batches 39, 60, 51.—Issued (1,100,000 doses) suspended m 
saponin, from April 1938 to date (June 1939). No complaints have 
been received. 

It is difficult to produce statistically sound evidence of a vaccine's 
efficacy in the field. The avirulent vaccine has been tested on a large 
scale and its innocuousness established. The only complaints (4) of 
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deficiency in immunizing power concerned Batch 14. Complaints 
ceased when the concentration of spores was increased. The avirulent 
vaccine was used largely in those areas from which most of the 
complaints about the ordinary vaccine hud come; that is in districts 
with a 'large proportion of^ dairy fanners. The complaints ceased 
when the new vaccine was introduced. 

A questionnaire was sent to the fanners of one of these districts. 
Replies were received from 216 farmers who owned 49,000 cattle. 
The replies were classified as follows: — 

1. No or negligible reactions. —200 farmers owning 46,100 

cattle. 

2. IMild reactions. —8 farmers owning 1,600 cattle. Transient 

drop in milk yield; 14 head reported lame. 

3. Severe reactions. —8 farmers owning 1,300 cattle. More 

serious drop in milk yield; 12 animals were badly 

swollen; one animal died. 

Questionnaires are of dubious value. Replies are usually 
obtained from those that are very pleased and those highly dis¬ 
pleased. The deleterious results were certainly not all due to the 
vaccine, although possibly due to the inoculation procedure. There 
were no complaints of lack of immunity. 


Comparative Field Test of A virulent Spore Vaccine (irithovt 
Saponin) and Ordinary Saponin Spore Vaccine. 

Every year, in May and June, 1,700,000 cattle, the entire cattle 
population of the Transkei Territories, are inoculated against 
anthrax. In 1938 all the cattle (271,500) in one area of the Transkei 
were inoculated with aviiulent vaccine. The cattle (1,288,0^0) o! 
the rest of the Transkei were inoculated with ordinary saponin spore 
vaccine. Table IV gives the result of these and, for comparison, the 
previous year’s inoculations. t 


Table IV. 

Comparison of Avirulent Vaccine with Ordinary Saponin 
Spore Vaccine in Transkeian Territories. 


Area Inoculated. 

Period 

May- 

June. 

No. of 
Cattle * 
Inocu¬ 
lated. 

r . 

Type of Vaccine 
Used.. 

Deaths 
from 
Anthrax 
in Year 
following 
Inocu¬ 
lation. 

Percentage 

Deaths 

from 

Anthrax. 

Butter worth. 

1937 

273,730 

Spore vaccine. 

17 


■ 

1938 

271,500 

Avirulent vaccine... 

5 


Rest of Transkei.. 

1937 

1,276,240 

Spore vaccine. 

00 



1938 

1,288,030 

Saponin vaccine.... 

25 
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Thus the avirulent vaccine was as effective as the ordinary 
saponin spore vaccine. A few years ago thousands of cattle died 
annually from anthrax in the Transkei. The reduction in mortality 
shown in Table IV is the continuation of a trend that commenced 
in 1928, when systematic immunization was started in the Transkei. 
A del ailed discussion of this anti-anthrax campaign will be given 
in another publication. 


Use of Avirulent Vaccine on Animals other than Bovines . 

Sheep .—lias been used on a considerable scale; results entirely 
satisfactory. 

Horses .—Used on a large scale in 1939; results entirely 
satisfactory. 

Camels .— A few were inoculated and these showed no reactions. 

Goats.— Under laboratory (stabled) conditions, very large doses 
were harmless. Under field conditions, far smaller doses provoked 
swellings. Of about 400 goats done in the field four died. Avirulent 
vaccines are not, therefore, being issued, as a routine, for goats. 
None of the gouts that died showed anthrax septicaemia. 


A C K NO WLEDG EM ENT. 

I am indebted to Mr. AV. G. Huniard, Government Veteiinary 
Officer, for preparing and sending out questionnaires, and tor 
supervizing inoculations in his area. 


Summary and Uonulusions. 

(1) During the last three years (1930-1939) several batches of 
anthrax vaccine were made from avirulent (uneapsulated) variants. 
These hatches, as judged by laboratory tests on guinea-pigs and 
sheep, were uniformly good. 

(2) The avirulent strains sporulated rapidly, completely and 
regularly. 

(3) Vaccine prepared from avirulent variants retained its 
immunizing power for at least a year. 

(4) Field tests were carried out on million cattle and several 
thousand horses and sheep. The vaccine was safer and produced 
slighter reactions that ordinary saponin spore vaccine. Highly-bred 
animals tolerated inoculation very well; horses and sheep could be 
safely inoculated with cattle vaccine. 

(5) Preliminary field tests on goats indicated that these might 
be more affected by the uneapsulated strains than other domestic 
animals. 
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The Immunization of Laboratory Animals 
against Anthrax. 


By MAX STERNE, Section of Bacteriology, On tiers tepoort. 


Guinea-pigs and rabbits can be immunized against anthrax without 
difficulty; mice as a rule cannot. The very interesting work of 
Tomcsik and Bodon (1934) and Tomcsik and Ivanovics (1938) on the 
passive immunization of mice supports Ivanovic’s (1938) suggestion 
that mice have a unique and peculiar immunity mechanism against 
anthrax. 

The following experiments were done to see whether mice could 
be actively immunized vvitli an uncapsulated avirulent anthrax 
variant, and to compare their reactions with those of guinea-pigs. 
Oneapsulated variants have been found to immunize guinea-pigs, 
rabbits, goats, sheep, cattle, and horses; Stamatin and Stamatin 
(1939), Stamatin (1937), Sterne (1937a, 1937b, 1940). 


Experiments. 

J. The Active Immunization of Guinea-pigs and Mice 
against Anthrax. 


Strains used: — 

(1) 34F,; a rough, uncapsuluted, avirulent, immunizing variant isolated 
on 12.8.36 from a virulent strain grown on serum agar in carbon 
dioxide. 

(2) Boiled 34F,; a dense suspension of (1) killed by boiling 

(3) 9Ba; a rough, uncapsulated, avirulent, non-immunizing variant 

isolated on 30.3.35 from an avirulent, continuously dissociating, 
smooth mucoid strain. 

Guinea-pigs and mice were immunized as shown in Table I. 
Their immunity was tested with 0*1 e.c. (±100 guinea-pig M.]*.!).) 
of a glycerine-saline spore suspension of a Pasteur IT strain. 
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Table I. 

Immunization of Guinea-pigs and Mice against Anthrax . 


' 

All animals tested with 100 M.L.D. (Guinea-pig) Pasteur II, 
strain two weeks after immunization with. 

Results of 

Tests on. 

One Dose 
34F t . 

One Dose 
34F| 
(Boiled). 

One Dose 

9 Ba. 

Several 

Doses 

9 Ba. 

! 

Nil 

j (Controls). 

Guinea-pigs. 

69/64 

(92 per cent.) 

— 

0/14 

(0 per cent.) 

0/12 

(0 per oent.) 

1/133 

(0*8 

per cent.) 

Mice. 

88/160 
(66 per cent.) 

13/71 
(23-9 
per cent.) 

42/147 
(28*6 
per oent.) 


13/155 

(8-4 

per cent.) 


59/64 =* 69 survivors out of 64 tested, 
92 % = percentage survivors. 


Thus guinea-pigs immunized with 34F ? were almost completely 
resistant to the test dose, while those immunized, or hyperimmunized, 
with 9Ba were fully susceptible. The results got with mice were less 
clear. Mice immunized with 34F 2 were significantly more resistant 
(P <*01, Fisher’s y 2 method) than those treated with either 9Ba 
or boiled 34F 2 . The difference between the effects of 9Ba and boiled 
34F a was not significant, while mice treated with either of these were 
significantly (P < *01) more resistant that the controls. 

It might be argued that the more feeble response of the mouse 
to immunization was due to its greater susceptibility. This is not 
borne out by the fate of the controls. Three experiments to test the 
relative susceptibility to anthrax of mice and guinea-pigs are 
summarized below. In each experiment the mice an A d the guinea-pigs 
were inoculated with the same size Jose of a Pasteur II strain. 

Table II. 

Relative Susceptibility to Anthrax of Mice and Guinea-pigs . 


Experiment. 

Animals Inoculated. 

Results. 

Mean 
Survival * 
time (days) 
of animals 
that died. 

Significance of 
difference in 
survival time 
(Fisher’s t 
Test). 

1 

Guinea-pig.. 

Mice. 

1/67 

11/122 

2*9 ± 0*14 
5*2 ±0*23 

P< *01 

2 

Guinea-pigs. 

Mice. 

0/10 

0/42 

*>> to 

Zfl 03 

H-H- 
o © 

u to 

P< 01 

3 

Guinea-pigs... 

Mice. 

0/9 

5/41 

26+ 0-20 
5-1 ±0-47 

P< *01 


1/67 one animal survived of 67 inoculated. 
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Thus in every experiment the mice proved significantly less 
susceptible than guinea-pigs. 

2. The Rate of Development of Anthrax Immunity in 
Guinea-pigs . 

A number of guinea-pigs we*e inoculated with a large dose of 
the immunizing strain ii4F a . Another lot received a similar dose of 
the non-immunizing strain 911a. At intervals thereafter the guinea- 
pigs were tested as shown in Tables 111 and IV. The vaccine was 
injected into a hind limb; the test dose into a foie limb. 


Table ITI. 


Rate of Development of Immunity in Guinea-pigs . 


No. of 
Guinea-pigs. 

Immunized 

with 

Tested with 
500 M.li.t). 
Pasteur II 
after 


Results. 

3 

3 

6 

34F a . 

0Ba. 

1 day. 

1 day. 

1 day. 

i 

i 

(3). t (3). t (3). 

(3). f (3), { (3). 

(3), f (3). f (3). f (3). f (3). f (3). 

3 

3 

6 

84 K,. 

9Ba. 

2 days. 

2 days. 

2 days .... 

i 

i 

(2), j (2), t (3). 

(2). t (2). f (3). 

(2). f (2). f (2). f (2), f (2), f (3). 

\ 

6 

34 F,. 

HBa. 

4 days. 

4 days .... 

4 days .... 


I- (3). t (4), L. 

\ (2). t (3). t (3). 

f (2), t (2), t (2), t (2), t (3). t (3). 

3 

34F t . 

5 days..... 

I 

L, L. 

3 

9Ba. 

5 days. 

■ (2), f (3), f (3). 

6 

— 

5 days. 

t (2), f (2). f (2), f (2), t (3), f (3). 

2 

34 F,. 

8 days. 

L. L. 

3 

9 Ha. 

8 days. 

1 

■ (3), t (»). t (3). 

3 

— 

8 days. 

1 

• (2), f (2). f (3). 

3 

34F,. 

18 days. 

I 

„ L, L. 

2 

9Ba. 

18 days. 

■■ (2). f (3). 

6 

— 

18 days. 

f (2), f (2), t (2). t (3). t (3). t (3). 

3 

34K,. 

24 davs. 

L, L, L. 

3 

9Ba. 

24 days... 

t (3), t (3). t (4). 

3 

— 

24 days. 

t (2), f (2). f (3). 


lived. f (2) » Died in two days, 
non-immunized controls. 


Thus immunity was shown by guinea-pigs inoculated with 34 
from the 4th day, and was solid from' the 5th. No immunity was 
ever elicited by 9Ba. 
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Another experiment (Table IV) was carried out to see whether 
immunity could be detected 24 hours after vaccination. The test 
dose was reduced to 100 M.L.l). Twice ns much 9Ba was given as 
t‘!4P 2 , as an additional (xmtrol on possible non-specific effects. 


Table IV. 

Immunity of Guinea-pigs 24 Hours after Vaccination. 


No. of 
guinea-pigs. 

: 

Immunized 

with 

Testad with 

100 M.L.T). 
Pastmr II 
strain after 

ituBUltk. 

Mean survival 
time in days of 
guinea-pigs 
that died. 

39. 

34F 2 . 

24 hours. 

9/39 

4*5 ±0*56 

24. 

9Ba. 

24 hours. 

0/24 

3 • 2 ± 0 • 85 

26. 

Controls. 


0/20 

2*6 l 0*60 


(non-immunizpdL 




There was a significantly greater number of survivors in the 
group immunized with strain 84F a . Moreover the mean survival 
time of the guinea-pigs that died in this group was significantly 
longer (P <01, Fisher’s t test) than that of the guinea-pigs in the 
other groups. Group 9Ba did not show a significantly longer mean 
survival time than that of the controls. 

One may conclude that guinea-pigs inoculated wdth strain 34F 2 
showed a distinct and specific increase in resistance to anthrax, 24 
hours after vaccination. 


Discussion. 

Guinea-pigs and mice differed markedly in their reactions to 
active immunization against anthrax. The former rapidly developed 
a strong immunity when inoculated with the avirulent, immunizing 
strain 34F a . Some immunity was demonstrable as early as 24 hours 
after vaccination. This was almost certainly specific as guinea-pigs 
immunized or hyper immunized with variant 9Ba showed no 
immunity whatever. 

Mice inoculated with 34F a showed a significant and considerable 
increase in resistance to anthrax. This, however, w'as not nearly so 
marked as in guinea-pigs. Mice inoculated with the non-immunizing 
strain 9Ba, or with killed suspensions of 34F a also showed a 
significant increase in resistance. Although this increase was not as 
great as with 34F a , it was large enough to make an interpretation 
of the results difficult. It showed that much of the apparently specific 
increase in resistance produced by 34F a could be non-specific. As 
the mice inoculated with 34F a reacted more severely than those 
inoculated with the other strains, the influence of non-specific 
factors, such as inflammation, might have been correspondingly 
greater. 
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Clearly, mice are not nearly as easy to immunize actively as 
guinea-pigs. It may be that they never develop more than a low 
grade specific immunity. On the other hand mice appear more 
prone than guinea-pigs to develop considerable non-specific resistance. 
These findings could not be ascribed to the mouse’s great susceptibi¬ 
lity to anthrax, for repeated tests proved them less susceptible than 
guinea-pigs. 

The mouse appeared to differ from other animals in its ability 
to develop active immunity to anthrax after inoculation with 
uncapsulaied, immunizing variants. 

Conclusions . 

(1) Guinea-pigs inoculated with an avirulonl, uncapsulated 
variant from a virulent anthrax strain rapidly developed immunity 
to anthrax. A significant, specific, increased resistance was 
detectable 24 hours after vaccination. 

(2) Mice could not be immunized as easily as guinea-pigs; but 
showed more tendency than guinea-pigs to the production of an 
increased non-specific resistance. 

(3) Kepeated tests showed mice to be less susceptible than 
guinea-pigs to a test dose of approximately 100 guinea-pig M.L.I). 
of a Pasteur II strain. 
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Mineral Metabolism and 
Deficiency. 

Bissnior, .T, H. R., On tlie feeding of a phosphorus supplement 
Malan, A. I., Steyn, to mother-reared calves, prior to weaning, 
H. P. and Lathknoe, under open range conditions in Bechuana- 
(i. B. land. 
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On the Feeding of a Phosphorus Supplement to 
Mother-Reared Calves, prior to Weaning, 
under Open Range Conditions in 
Bechu anal and. 


By J. H. R. BJSSCHOl’, Section of Zootechnics and Meat Research; 
A. 1. MALAN, Section of Biochemistry; H. P. NTEYN. 
Section of Surgery; and G. B. LAURENCE, Section of 
Statistics. 


Introduction. 

Theilkr, Green and Du Toil (1924) first drew attention to a marked 
phosphorus deficiency in the pastures of' such parts of the Union, 
as Becliuan aland and the Transvaal high veld. Du Toit and Bisschop 
(1929) showed how this deficiency materially affected growth, 
development, production and reproduction in cattle on the Veterinary 
Research Station, “ Armoedsvlakte 99 in Bechuanaland. 

Henrici (1938), l)u Toit, et. al. (1930-1935) made an extensive 
survey of the feeding value of natural pasture grasses in the Union, 
and found a phosphorus deficiency to exist practically throughout 
the country. In order to prevent the effects of this deficiency, 
farmers were advised to supply their cattle with the necessary 
phosphorus supplement from the age of weaning (at 6-9 months) 
onwards. Prior to this age, calves of phosphorus-fed cows usually 
show satisfactory growth and development, and since it is a tedious 
process to dose young calves with bonemeal this lower age limit was 
introduced. For the time being the question whether or not 
phosphorus supplementation to calves prior to weaning, would be 
profitable, was left in abeyance. 

At “ Armoedsvlakte 99 a long term experiment has been in 
progress since 1925, in which indigenous females have been graded 
up systematically with purebred bulls of both indigenous and 
exogenous cattle breeds. In this experiment it was found that the 
halfbred calf generation, born out of bonemeal-fed dams, developed 
quite satisfactorily up to weaning age, without a phosphorus supple¬ 
ment. The higher bred exogenous calves, that is, the J and | bred 
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grades out of bonemeul mothers, did not do so well as the halfbred 
calves up to weaning age, and the question whether such calves 
would not benefit by bonemeal feeding prior to weaning, had to be 
considered. 


Object of the Experiment. 

The object of the experiment was to ascertain, whether during 
the first. 9 months of life, calves of bonemeal-fed mothers which run 
under open range conditions, will grow and develop more satisfac¬ 
torily when supplied with a phosphorus supplement, than under the 
present system of management of the grade herds at “ Armoeds- 
vlakte ”, i.e., where no phosphorus supplement is fed to calves until 
after weaning at the age of 9 months. 

Plan of the Experiment. 

The experiment was conducted during 1980, 1987 and 1988 at 
the Veterinary Research Station, “ Arinoedsvlakte ”, near Vryburg, 
Cape Province, where the original researches of Theiler, Green and 
l)u Toit were carried out 20 years ago. 


A. Experimental Animals. 

These consisted of l bred Redpoll calves, born on the Station 
out of | bred, bonemeal-fed Redpoll cows, and sired by purebred 
Redpoll bulls. These calves were passed into the “ Bonemeal ” and 
“ Control ” groups alternately in sequence of their date of birth 
and sex. Table No. 1 gives details of the experimental animals in 
each group. 

As will be seen from this table, one calf died in each group 
and a further calf had to be discharged from the Control group on 
account of its dam developing mastitis. The bonemeal and control 
groups, therefore, finally consisted # respectively M' 9 and 7 calves. 

B. Bonemeal Supplement. 

The “ control ” calves received no supplement prior to weaning. 
From the 271st day of age, to the end of the test at 480 days of age, 
they received 8 oz. of bonemeal per head per day. 

The u bonemeal ” calves were treated as follows; — 

From date of birth to 80 days old, no supplement. 

From 31 days old, to 60 days old, \ oz. of bonemeal per day 
per head. 

From 61 days old, to 120 days old, 1 oz. of bonemeal per day 
per head. 

From 121 days old, to 180 days old, 2 oz. of bonemeal per day 
per bead. 

From 180 days old onwards, 3 oz. of bdnemeal per day pel- 
head. 


322 



Bonemeal. Control. 


i. II. II. BISSCHOr, A. I. MALAN, H. P. STEYN AND G. B. LAURENCE. 


1 5 . 

1 o-l 


"-.a so 3 

ssjSI 

TJ oW « 

"O 

p p' 


C: i* ® i- i- r- oc 

««W««WW(N 
>0 IC »C ift tet »S ip 


I- Oi <M 

JJ © Q »C 

S « K 5 


A 


§ $ ES 

I- t- I- 

© © © 


pH © p«* 

r* ffi h* 

co co co co co 

IQ IQ i£ 10 l£ 


00 00 OC 

oc © 

^ CO ■* 


l- fH pH r>H —I 

t- 00 «* 01 00 

-H 00 © CO CO 

CO ^ CO CO CO 



323 





FEEDING OF PHOSPHORUS SUPPLEMENT TO CALVES. 


The very young calves were dosed by opening their mouths 
and pouring the dry bonemeal into it. At first a few of the calves 
ejected some of the bonemeal, but they all soon became accustomed 
to this method, which worked quite satisfactorily. When the calves 
were older they w T ere dosed according to standard method employed 
at the Station, i.e., with moistened bonemeal, by means of a spoon. 

0. Milk Rations. 

In order to obtain data concerning the milk-production ot the 
cows, and hence concerning the milk intake of the experimental 
calves, it has been necessary to adopt an unusual procedure in all 
the experiments at “ Armoedsvlakte 99 : Where cows are dependent 
upon the natural pasture for their sustenance and receive no 
additional production ration, hand-rearing of calves is unpractical. 
If the calves are taken away, the cows dry up in about 10-12 weeks 
after parturition. Even where the calves are reared on their dams, 
the average lactation period is relatively short. Bonemeal fed cows 
usually do not give more than 2-3 lb. of milk per day after the 
30th week of lactation. 

The calves are allowed half their mother’s milk. During the 
first week they suck the two right teats of the udder and the two left 
teats are milked for recording purposes. The following week the 
calves suck the left half of the udder and the right half is milked. 
Each Wednesday the whole udder is milked, in order to estimate 
whether the milk from one half, actually represents 50 per cent, of 
the production of the whole udder. 

For the first 14 weeks (98 days) the cows are milked twice a 
day—for the next 16 weeks (up to and including the 210th day) 
only once a day. From the 211th day until weaning at 270 days ot 
age, the calves run with their dams. 

D. Calf Management. 

The calves w r ere brought to the milking sheds at milking tunes, 
from calf paddocks approximate^ 10 morgen (± 21 acres) in extent, 
where there was good grazing, shelter and water’ supply. 

E. Body Weights . 

Body weights were taken every 30 days, from date of birth 
onwards until the conclusion of the experiment at 480 days of age. 

F. Pica Tests. 

Pica Tests were conducted at intervals of 14 days. The object 
was to determine the degree of osteopbagia, or craving for bones, 
exhibited by the calves. The pica tests were conducted in the usual 
manner (see Du Toit and Bisschop, 1929) by first allowing the 
animals access to a trough containing sterilized rotten bones. Any 
animals picking up and chewing such bones were marked down as 
“ rotten bone 99 cravers. The remainder were then passed into a 
pen containing a trough with sterilized “ sweet 99 bones. The calves 
which picked up and (Ihewed these were recorded ns “ sw eet bone ” 
cravers. Those that chewed neither rotten- nofr sweet bones were 
recorded as “ non-era vers ”. 
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G. Body Measurements . 

Body measurements were taken every 30 days from the dates of 
birth onwards. The well-known Deriaz system was employed. The 
measurements taken were: — 

(a) Length of body. 

(b) Height at withers. 

(c*) Height at hookbones. 

(d) Depth of chest. 

(e) Width of chest. 

(/) Length of rump. 

((j) Width between hookbones. 

(h) Width between thirls. 

(?) Width between pinbones. 

(;) Length of head. 

(k) Width between eyes. 

(/) Heart girth or body circumfereiice. 

II. Blood Analysis. 

A blood sample was taken from each calf at the ages of 30, 
GO, 120 and 180 days of age and analysed for inorganic phosphorus. 
Thereafter all the experimental animals were bled for similar tests 
once a month from October 1937 to March 1938, i.e. trim the 
approximate average ages of 11 months to 1G months. 

I. // istolof/ical Studies of Bones. 

The experimental programme called for rib-resections at the 
costo-chondral junction, of all the experimental calves at the ages 
of 90 and 210 days, hut on account of the time required for a 
number of these operations, it was decided to select one heifer and 
one “ tolly calf ,?1 from each group. These 4 calves were operated 
on in the middle of February and again in the middle of dune .1937, 
approximately at the ages of Go and 180 days. The resected pieces 
of ribs were examined histologically to ascertain whether calcification 
was taking place normally and at the same rate, in both groups. 

J. Statistical Analysis of Data. 

All data were analysed statistically according to Fisher (1930). 
Only such differences which proved to be significant in terms ol 
Fishers P 0*05 or P — 0‘01 have been used in arriving at conclusions. 

IV. Experimental Results. 

A. Body Weights . 

Table No. 2, which lias been divided into three parts, gives in 
Section A the average body weights of the Bonemeal and Control 
calves at 30 day intervals from birth until 480 days of age. 

P) 44 Tolly calf”: A castrated bull call. 44 Tollies ” are castrated bull calves 
up to the age of 1 w months. 
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The original experimental programme covered the period from 
birth to weaning. At this latter stage, it was decided to continue 
the test to 480 days of age, but in the meantime a number of calves 
had not been weighed when 300 days old. The weight column for 
this age has therefore been excluded from the table. 

The actual differences between the average weights of the 
honemeal and control calves are given on the 5th horizontal line. 
In horizontal line No. 6 these differences are given as percentages 
of the control (basal) weights. Significant differences are printed 
in heavy type and to show the degree of significance either a 5 or 
a 1 has been placed in brackets above and to the right of such 
significant differences. 

Section B gives similar data as Section A, for the heifer calves 
in the two experimental groups and Section C for the tolly calves. 
The three ages of importance in the test were, firstly that at 30 days, 
when the bone meal group was placed upon its phosphorus supple¬ 
ment; secondly at 270 days, when both groups were weaned, and 
the control group was placed upon a honemeal ration, equal to that 
of the honemeal group; and thirdly at 480 days, when both groups 
had received an equal phosphorus supplement for 7 months, and when 
the test was terminated. 

Section A of Table No. 2 sluvws that at none of these ages did 
there exist any significant difference in body weight between the 
experimental groups. Only one significant difference is seen in the 
table, i.e. in Section A at 300 days. Since, however, this significant 
difference is preceded and succeeded by a series of insignificant 
differences, its appearance is most difficult, to explain and does not 
appear to be of any biological importance. 

It appears warranted to conclude therefore that as far as body- 
weight is concerned, the feeding of honemeal to calves prior to 
weaning was without effect. 

Sections B and 0 of Table 2, show that there is no significant 
differences between honemeal and control heifers, and between 
honemeal and control tollies. There is, however, a very material 
difference between the two sexes at the same age. This aspect will 
be dealt with in a separate article. 

B. Pica . 

Table No. 3 gives the results of the pica tests for each individual 
animal and for each group, at fortnightly intervals, up to 480 days 
of age. Three symbols are used: — 

(a) A minus sign, - , denotes a non-craver. 

(h) A cross, x, denotes a rotten bone cravei. 

(c) A plain circle, O, denotes a sweet bone craver. 

The table is divided into two parts. The upper half gives the 
pica results of the honemeal group, the lower half those for the 
control group. The thick vertical line at 30 days in the upper half 
denotes the beginning of honemeal supplementation to the bonemeal 
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group and a similar line in the lower half at 271 days, the beginning 
of bonemeal feeding to the control group. In the horizontal line 
below each group, are found, the group pica totals for all age points. 
In the last 3 vertical columns are found, for each animal and for 
each group the total number of oocassionp on which rotten and 
sweet bones were eaten and the total craving per group. 

The table needs no explanation. The calves of the bonemeal 
group Bhow a negligible degree of craving. Five out of the nine 
animals never craved at all and of the four that did, the worst 
(No. 6777), chewed rotten bones only on one occasion and sweet 
bones only on 3 occasions, during 34 consecutive tests. The total 
craving for the group amounts to 9 out of a possible number of 
306, i.e. 2*94 per cent. 

The total craving for the control group amounts to 88 out of a 
possible 238, i.e. 36*97 per cent. This is 12£ times as much as in 
the bonemeal group. This high degree of pica is, however, not 
common to all the calves in the control group. It will be noticed 
that although no calves were non-era vers throughout the course of 
the experiment, two were practically so. The rest were all marked 
cravers. As a group it will be noticed that the degree of pica 
increased up to the time when all the calves were weaned, i.e. as 
long as the animals received no bonemeal. From then onwards the 
pica in the control group, dropped steadily until, for the last 3 
tests, only one calf showed craving. 

From the data given in Table No. 2 one is justified to conclude— 

(a) that in the bonemeal group, the phosphorus supplement 
prevented craving almost entirely; 

(ft) that in the control group, until weaning age, the degree 
of pica, indicative of a phosphorous, increased steadily; 

(c) that the bonemeal supplement given to ihe calves of the 
control group, from weaning onwards, reduced the degree 
of pica to a negligible tpnount by thfc end of the test. 


C. Body Measurements . 

Because all the calves were not measured at 30 days of age, 
Table No. 4 does not include data for that age. It gives the average 
body measurements in cm. of the calves in both groups, for the 
ages of 60, 270 and 480 days. As in Table No. 2, .the actual and 
percentage differences (in terms of the control measurements) are 
given for each age, and significant differences are printed in thick 
type, with the degree of significance given within' brackets above 
and to the right of the significant differences. 

It will be noticed from Table No. 4 that no significant 
differences were found between the bonemeal and control groups, 
in the body measurements, at any of the three ages given. In fact, 
although the calves were measured every 30 days, no significant 
difference between the 2 groups, was found at any stage during the 
test and it is, therefore, justified to conclude that the bonemeal 
supplement had no effect upon the body measurements taken. 
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D. Blood Analysis . 

In Table No. 5 is given the inorganic blood phosphorus in 
milligrams per 100 c.c. for each calf, at different ages throughout 
the experiment. Below each group the group totals and averages, 
at the given age, are found. In the last 2 horizontal columns the 
actual and percentage differences (in terms of the control figures) 
are given. Significant differences are shown in the usual way. 

For reasons already explained no analysis was conducted when 
the calves were 270 days old. Unfortunately it is, therefore, 
impossible to compare the 3 important ages of 30, 270 and 480 days. 
Nevertheless, the figures in the last horizontal column are most 
interesting. At the age of 30 days there was no significant difference 
in inorganic Wood phosphorus between the two groups, although 
the average of the control group is slightly higher than that of the 
bonemeal group. At 60 days the difference is still not significant 
but now r the honemeal group is slightly higher than the controls. 
At 120 days the bonemeal calves show an inorganic blood phosphorus 
content, which is 21 per cent, higher than that of the controls. At 
180 days this significant difference lias increased to 45 per cent. It 
seems safe to assume that at 270 days, when the controls were placed 
upon a bonemeal ration, the difference would probably have been 
at least as marked as at 180 days. 

The next analysis, at 11 months of age, i.e. after the controls 
had been on a bonemeal supplement for 2 months shows a distinct 
drop in the percentage difference between the 2 groups. This 
difference, however, remains highly significant. At 13 months of 
age, the inorganic blood phosphorus of the controls was actually 
significantly higher than that of the bonemeal groups. From this 
point onwards there was no difference between the two groups. 

Comparing the average P 2 0 A figures for the two groups, it will 
be noticed, that after the high figures of all the experimental calves, 
up to 60 days (a high inorganic blood phosphorus content is normal 
for young calves—see Green and Jflacaskill, 1928) the bonemeal group 
retains a level of approximately 6 milligrams per 100 c.c. throughout, 
while in the control group there is a distinct decline until weaning 
age, but from the time when these calves too were placed upon a 
phosphorus supplement, the averages show a definite upward trend. 

From these figures it is concluded, that the bonemeal group of 
calves received sufficient* available P 2 0 5 to maintain a constant level 
of inorganic blood phosphorus, as judged by our analysis. On the 
other hand the control group of calves probably did not receive 
sufficient available P 3 0 5 , and although no conformational evidence 
of an insufficiency could be detected, the analysis nevertheless 
revealed a drop in the inorganic blood phosphorus. After the control 
calves had also been placed upon a bonemeal supplement, their 
inorganic blood phosphorus, rose to a level, equivalent to that of 
the bonemeal calves. 

In addition it must be emphasized that the average values ot 
5*52, 4-33 and 5'10 milligrams phosphorus per 100 c.c. blood of 
the control calves respectively at 4, 6 and 11 months of age, are 
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indicative of aphospliorosis. The value 4*44 especially, is only just 
above the minimum accepted as sufficient for mature cattle, and is 
therefore rather low for 0 months old calves. This provides evidence, 
that the control calves suffered from a phosphorus deficiency, which 
however, was not manifested conformationally. 

E. Bone Histology. 

The histological examination of the costo-chondra'l junctions 
showed good calcification with long and closely knit primary 
trabeculae, both in the rib-resections takeu at 65 and at 180 days 
of age. Up to 6 months of age, therefore, the skeletons of the calves 
examined were found to be normal in terms of phosphorus. It is 
unfortunate that no histological examinations were done on resections 
from calves at 9 months of age. 

In the resections taken in June 1967 (180 days old) the costo¬ 
chondral junctions of calves Nos. 6714 (control group) and 6727 
(bonemeal group) revealed the presence of a fibrosis, probably 
osteodystrophic in nature, which is, however, as far as we know, 
not associated with aphosphorosis. 


V. Discussion. 

Note. —In the discussion of the experimental results the w'ord 
“ function ” is used in such phrases as “functional efficiency ”, 
” functionally subnormal ”, ” functional abnormalities ”, etc. The 
reader may interpret the word “ function ” as the sum total of an 
animal’s physiological manifestations. In the present discussion such 
an interpretation is not intended. The actual functions referred to 
are clearly described in paragraphs (b) (1) and ( b) (2), below*. 

The results of the experiment show, that in terms of the 
experimental criteria employed : — 

(a) The bonemeal supplement had no effect upon growth and 
development, i.e. upon external * conformation : At no time during 
the course of the investigation, either before or after weaning, w r ere 
significant differences found between the average body weights or 
body measurements of the two groups. 

(b) The bonemeal supplement improved functional efficiency : 
The bonemeal calves, functioned on a higher plane of efficiency than 
did the control calves,, from the time they were placed upon a 
phosphorus supplement, until the control calves too received the 
same supplement. 

(1) In comparison with the controls, they exhibited practically 
no osteophagia, and showed a higher and much more constant level 
of inorganic blood phosphorus up to weaning age. 

(2) From the age of weaning onwards, when the control calves 
also, received bonemeal, the manifestations of a phosphorus 
deficiency exhibited by them abated and finally disappeared. At 
ibe conclusion of the experiment, the control calves were, in terms 
of the experimental criteria, in every way comparable to the bonemeal 
calves. 
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The experimental results show up an apparent anomaly. At 
weaning age the control calves, although eonformationally normal, 
were functionally subnormal. How can subnormal function maintain 
jiormal conformational development ? Theiler, I)u Toil and Malan 
Q937) conducted mineral metabolism investigations on jugs. They 
found that a group which received an adequate ration, except for 
a deficiency in phosphorus, showed as rapid a weight increase, as 
did the group on a completely adequate ration, for the first f> months 
of the experiment, i.e. up to a live weight of approximately 140 lb. 
This normal conformational development took place notwithstanding 
the fact, that 4 months after the commencement of the test, the 
inorganic blood phosphorus of the group on the deficient ration 
averaged only 3 1 65 milligrams P 2 0 6 per 100 c.c. as compared with 
8 9 milligrams per 100 c.c. for the group on a complete ration. 

Up to a point, therefore, the deficient skeleton was able to 
support normal increase in body weight. After this limital point 
had been passed, the phosphorus deficient group showed a rapid 
decline in the rate of body weight increase in comparison to the 
group which received phosphates. 

It would appear as if, up to a point, the skeletons of growing 
animals are able to do with less than their normal mineral require¬ 
ments, and nevertheless function sufficiently well to support normal 
increase in body weight and size. 

This idea explains the apparent anomaly encountered in the 
experiment under discussion. The control calves, although receiving 
a phosphorus deficient diet, had not reached the “ critical j>oint 
at weaning age, and therefore, showed no externally determinable 
symptoms of the deficiency, which, when removed by subsequent 
bonemeal feeding, allowed the animals to build up the functional 
abnormalities back to normal by the time they were 480 days old. 

It must, he remembered, however, that the calves of both 
experimental groups were born out of bonemeal fed cows, and 
received, through the milk of their dams, quite an appreciable 
amount of available phosphates, up to weaning age. 

On the average each calf of the bonemeal group received 1,251 
lb. of milk during the 210 day period over which the production 
of its dam was recorded. The control calves each received on the 
average 1,288 lb. of milk. The difference of 37 lb. per calf between 
the 2 groups is insignificant. Even if the difference was significant 
it would be in favour of the control group. 

Groenewald (1934) gives an average of 0-221 per cent, of total 
P 2 0 5 in bovine milk. Applying this figure to the average milk 
intake of all the calves born out of bonemeal fed cow t s, that is ‘to 
1,267 lb., we find that each calf received on the average 1,258 
grammes of total P 2 O a in 210 days or 6 00 grammes per head per day. 

This amount, together with whatever available P 2 0 5 they 
obtained through their grazing, was apparently sufficient for the 
control group to maintain normal conformational development, and 
to maintain functional efficiency, above the “ critical point ” up 
to 270 days of age. 


335 



FEEDING OF PHOSPHORUS SUPPLEMENT TO CALVES. 

The two groups of calves ran together in the same paddocks and 
received the same amounts of milk. Therefore the fact that the 
honemeal calves were both conformationally and functionally 
normal, while the control calves, though conformationally normal, 
were functionally subnormal, can only be attributed to the extra 
phosphates which the former group received from their supplement. 
The phosphorus deficiency in the controls was not sufficiently acute 
to manifest itself conformationally. 

So far we have compared groups of calves born of bonemeal 
fed cows, and which received the same average amount of milk from 
their dams. Let ns next compare the control group of calves, in 
the test under discussion, with a group of otherwise comparable 
animals, but born out of non-bonemeal fed cows. To distinguish 
the two groups, the former will be referred to as the “ bonemeal 
control group ” and the latter as the “ straight control group 
The data for this latter group have been obtained from the records 
of other experiments, conducted at “ Armoedsvlakte No heifer 
calves and only 3 tollies were found, which were fully comparable 
to the “ honemeal control 99 calves, and therefore Table No. (5 give* 
the data of these 3 tollies against that of the 4 tollies in the 
“ bonemeal control 99 group. ( x ) 

The table is divided into sections. In Section I, the weights 
for each of the “ bonemeal control 99 calves are given monthly from 
birth until the end of the test. Below these weight figures, are 
found the average daily amounts of milk each calf obtained from 
its dam, during the preceding month. Because milk recording at 
“ Armoedsvlakte 99 takes place only for 210 days, only 7 milk 
averages are given. 

Section II gives similar data for the “ straight control ” group. 
In Section III, the actual differences in body weight and in milk 
supply between the two groups, are given in the first and third, and 
in the second and fourth horizontal lines; these differences arc 
given as percentages of the “ straight control 99 figures. Significant 
percentage differences are shown in thick print and the degree of 
significance indicated in the usual manner. 

Section No. Ill of Table No. 6, shows that at birth tin* 
“ bonemeal control 99 calves, weighed on the average 7 lb. more than 
the “ straight control 99 calves. This difference is not significant; 
in fact Du Toit and Bisschop (1929) found, when working with a 
much larger number of grade Redpoll calves, that the difference 


( l ) Explanatory Note by the Statistician .—The small number of animals ill 
each group, is a serious objection, since the co-efficient of variation tends to 
be higher than that of large groups. The statistical test of significance requires 
that the differences between small groups have, in any case, to be much 
greater than between large groups, but when coupled with a high coefficient 
of variation these differences have to be even larger. The lack of significance 
in the very large percentage differences in the last horizontal line or Section 
III of Table No. 6 may be explained on this basis. Small groups therefore lead 
to fewer significant differences, but it should be noted that the power of the 
statistical analysis is such that the significant differences that are obtained, 
may be accepted with the same measure of confidence, attributed to differences 
between larger groups. 
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between calves of boneineal fed and non-bonemeal fed cows, at birth 
to be only 1*9 lb., the respective average weights being 69*2 lb. 
and 67 3 lb. They further found that where similar figures were 
worked out for four different breeds, the respective average birth 
weight for calves of bonemeal fed cows was 68*8 lb., and for calves 
of non-bonemeal fed cows 68*1 lb.—a difference of only 0*7 lb. 

In the table under discussion, the insignificant difference in 
live weight at birth soon became significant and increased until at 
weaning age the “ bonemeal control ” calves weighed 53 lb, or 
20-95 per cent, more than the “ straight control ” calves. At 10 
months of age this difference had increased to 159 lb., or 38*41 per 
cent. 


In terms of live weight, therefore, the development of the 
“ straight control ” calves was subnormal when compared with the 
developmenl of the “ bonemeal control 99 calves. 

It ma), however, he argued that the ever-ineieasing differences 
in live weight between the two groups, were the result of the initial 
difference at birth. In Section No. IV, all the weights have been 
corrected for the birth difference. [According to 1{. A. Fishers 
(1930) “Analysis of co-variance technique *\ | If now the actual 
difference in live weight between the 2 groups were but manifes¬ 
tations of the difference which existed at birth, all significant 
differences should disappear in Section TV. This does not happen, 
and it is permitted to conclude, that the difference in weight at 
birth was not the cause of the marked differences later on in life. 

What then caused the marked difference in body weights between 
the two groups!" 

In Section No. V of' Table No. 0 the weights of the two groups 
of calves, have been corrected for difference in average milk intake 
{according to R. A. Fishers* 193b “ Analysis of co-variance 
technique and it will be noticed that all significant differences 
now fall a wag. This proves, that the differences in live weights 
between the “bonemeal control 99 and “ straight control ” groups 
were caused by the difference in the amounts of milk, which they 
got from their dams. 

Green (1926), Becker, Eckles and Palmer (1927), Groenewald 
(1934) and others, have shown that, with the exception of fat, the 
percentage of which is inversely proportional to the amount of’ milk 
produced, there is no significant difference in the chemical analysis 
of the milk of phosphorus fed and non-phosphorus fed cows. The 
difference in body weights between the “ bonemeal control ” and 
“ straight control ** calves must therefore be attributed to the straight 
quantitative, and not also to the qualitative difference of their milk 
intake. 

The average milk intake of the four “ bonemeal control ” tollies 
which appear in Table No. 6, amounted to 1,278 lb. in 210 days. The 
three “straight control 99 calves, each received 782 lb. during the 
same period: a difference of 496 lb., or 63-4 per cent, of the average 
“ straight control 99 figure. 
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We have seen that both the “ bonemeal ” and bonemeal control M 
calves were born out of bonemeal fed cows. On the average they all 
got 1,267 lb. of milk in 210 days. This milk intake enabled them 
to develop normally and equally in terms of body weights and body 
measurements. Functionally, however, the ‘‘ bonemeal control 
calves were subnormal until they also received a bonemeal supple¬ 
ment, but their functional efficiency never fell to below the 
“ critical point In them an intake of 1,267 lb. of milk over 210 
days, prevented functional efficiency from becoming so depressed as 
to produce conformational effects. In the “ straight control M calves, 
the very low milk intake depressed functional efficiency to below the 
“ critical jmint ” during the pre-weaning period, and resulted 
< onformationally in subnormal body weights very early in life. In 
the comparison between <k bonemeal ” and “ bonemeal control ” 
calves, the difference in functional efficiency was definitely due to 
the difference in P 2 0- iutake. As shown, this amounted to about 
12 grammes of available P 2 0 A per calf per day in favour of the 
£ bonemeal 99 group. hi the comparison of the “ bonemeal control " 
and “ straight control 99 groups, the subnormal body weights of 
the latter were not due only to a lesser P s O :> intake. Applying 
composition figures given by Davis (1966) and Groenewald (1934), 
the 496 lb. milk intake difference betwen the two groups, amounted 
to a difference per calf per day of 2 3 grammes of P 2 0., 35 grammes 
of protein and 135 grammes of carbohydrates, apart from differences 
in other food constituents. 

Graph No. 1 gives curves for the average body weights of the 
two groups from birth to 7 months of age, and for the average 
accumulative amounts of milk the calves received from month to 
month over the same period. 

The graph illustrates quite definitely how the weight curves 
follow the milk curves. 

» 

Tf we make a closer study of Sections I and II of Table No. 6 
we find that in general, weight reacts to milk intake to a marked 
degree. For example, calf No. 6714 weighed 66 lb. at birth, while 
calf No. 6742 weighed 81 lb. For the first 3 months the latter 
received more milk than the former and more than maintained it* 
advantage in weight. From the fourth to the seventh month the 
milk intake of No. 6742 dropped to below that of No. 6714, the live 
weights of which progressively approached those of No. 6742, and 
passed them from the 7th month, onwards. In the table this same 

f >henomenori occurs between any two animals which commence their 
ife with different amounts of milk, and where the one, which 
received Ihe lesser amount to start off with, receives the larger 
amount during the latter part of the pre-weaning period. When in 
the comparison of any two animals in the Table, the milk supply 
of one remains higher than that of the other throughout the pre- 
weaning period, the body weights will show the same relationship. 
A comparison for example between Nos. 6714 and 6748, which had 
similar birth weights, illustrates the latter point. 
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(IlMlTT No. T 



Summary. 

The results are piescnted of an expenment to ascertain whether 
a regular supplement of honemeal gnen to calves up to weaning age 
would be beneficial to theii growth and development, in compaiison 
with a computable group of calves which received no bonemeal up 
to weaning*. From weaning onwards, both groups reeei\ed the same 
supplement. The average milk intake tor the groups was the same. 
All the calves were weighed and measured every 30 da\s from birth 
until the conclusion ot the test at 480 days oi age. The\ w^re tested 
for osteophagia at fortnightly intervals and a blood-sample for 
inorganic blood phosphonis deteimination was collected horn each 
calf at approximately monthly intervals. 

The results are compared with data which were collected on 
comparable calves, not included in the experiment. They were born 
out of cows which received no bonemeal supplement and therefore 
gave to their calves, on the average 49G lb. less milk than (lid the 
bonemeal fed dams of the calves in the experiment. This comparison 
demonstrates the effect of a decreased milk intake upon giowth and 
development. 

35 
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Conclusions. 

(ft) Under open range conditions in Bechuanaland, the 
quantitave milk intake of a calf during* its pre-weaniug period of 
life, determines its body or conformational development. 

(b) In general, bonemoal fed cows, living under open range 
conditions in Bechuanaland supply their calves with sufficient milk 
for normal development up to weaning age. 

(<*) In Bechuanaland, cows which receive no phosphorus supple¬ 
ment, do not as a rule supply their calves with sufficient milk for 
normal development up to weaning age. 

( d) Although the milk supply of cows receiving a phosphorus 
supplement is as a rule sufficient for the normal conformational 
development of their calves, such calves nevertheless are functionally 
subnormal as indicated by low inorganic phosphorus in their blood. 

(e) This phosphorus deficiency can be corrected by feeding 
phosphates prior to weaning. 

(/) Such a supplement prior to weaning, however, is not 
necessary, if the calves receive the necessary phosphates from 
weaning onwards. 

(</) Up to a point, skeletons of growing calves are able to do 
with less than their normal mineral requirements, and nevertheless 
function sufficiently well to support normal increase in body Weight 
and body size. 

(h) The u critical point 99 is not reached prior to weaning age 
in the calves of bonomeal fed cows, and therefore such calves, 
although functionally subnormal, are conforrnationally normal. 

( i) In the calves of non-pjiosphorus fed cows this “ critical 
point ” is reached prior to weaning. Such calves are both 
functionally and conformal ionnlly subnormal. 
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Alkali Poisoning. 


By DOUW (i. STEYN, Section of Pharmacology and Toxicology, 

Onderstepoort. 


I. Weak Alkalis (Sodium Bicarbonate and Sodium Carbonate). 

Robert (1900) states that sodium bicarbonate raises the alkalinity 
of the tissue fluids and enhances the oxidation processes in the body. 
Ingestion of excessive quantities of sodium bicarbonate causes 
dilatation of the stomach, anorexia and anaemia. 

Frohner (1919) repoits that a cow which had received 800-900 grn. 
of sodium carbonate aborted, groaned and bellowed, and had to be 
slaughtered, and that 10-15 gm. of potassium carbonate is fatal for 
the dog (heart failure and collapse). Dogs fed daily with 15 gm. 
of sodium bicarbonate for weeks showed vomiting, diarrhoea and 
loss in condition (Frohner, 1919). lie also states that two horses 
which ate sodium carbonate from bags took ill with severe colic, 
profuse diarrhoea, continuous coma, stomatitis and swelling of the 
lips. 

Reid (1921) describes sodium carbonate poisoning in sheep due 
to the drinking of effluents from da'iv factories. The symptoms were 
staggering gait and hurried respirations. The animals soon lay down 
and died. The following were the post mortem appearances: 
Hyperaemia of the subcutaneous tissues, imperfect clotting of the 
blood, hyperaemia of the small intestines with suhserous 
haemorrhages, slight congestion of the liver, in very acute cases the 
abomasum was filled with dark, blood-stained, fluid contents, intense 
hyperaemia of abomasal mucosa with haemorrhages. 

Heller and Larwood (1930) conducted experiments upon rats 
and other small animals with single salts and also mixtures of 
calcium chloride, calcium sulphate, sodium bicarbonate, and 
magnesium sulphate. Drinking water containing 20,000 parts of 
sodium carbonate per million parts (i.e. a 2 per cent, aqueous 
solution) was found to be decidedly deleterious and reproduction was 
interfered with at quite low levels. Sodium bicarbonate proved to 
be less injurious. In subsequent experiments upon rats Heller (1932 
and 1933) established that drinking water containing 1 per cent. 
(10,000 p.p.m.) of sodium carbonate resulted in unsatisfactory growth 
of the offspring, while a 1'9 per cent, solution caused a rough 
coat, red eyes, and diarrhoea in mature rats and a very high 
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mortality in their young. A 1*5 per cent, solution of sodium 
bicarbonate caused undersized adults and impeded growth in their 
offspring, while there were unsatisfactory growth and appearance 
with 2 per cent, solutions. Experimenting with O f) and M) per 
cent, aqueous solutions of caustic soda (NaOH) he found practically 
normal growth w'ith the former solution, the latter causing retarded 
growth, “ dirty animals ”, marked nervousness, sore, eyes and 
diarrhoea. 

Linton and Wilson (1933) refer to sodium bicarbonate poisoning 
in pigs due to the feeding of “ Flour sweepings ” containing 33*7 per 
cent, of this alkali. The symptoms seen were excessive thirst, 
animals appeared to be in pain, stood witli their heads lowered and 
oblivious to their surroundings and staggered on their front legs. 
Only one pig died after the sweepings were removed and milk given. 
Autopsy revealed inflammation of the stomach. Linton further¬ 
more describes alkali poisoning in pigs through accidental 
discharging into their milk of the alkali used for cleansing the milk 
utensils. 

Some time ago tlie author received for analysis a certain 
proprietary “ scouring powder ”, which was being sold as a 
cleansing agent for kitchen vtensils. Figs had died after their 
troughs had been scoured with it. Four grams of this strongly 
alkaline powder caused death in rabbits w r ithin a few T hours. This 
is one of the many cases in which a virulent poison is labelled 
non-poisonous. 

Witter (1936) added sodium bicarbonate to the drinking water 
of chicks and found that: “(1) Sodium bicarbonate given in the 
drinking w r ater in the usual dosage (£ lb. to 5 gallons or 0 6 per ceut. 
solution) caused chicks to drink more w T ater than normal and produce 
moist droppings, ('hicks two weeks old developed pale and swollen 
kidneys from this dosage, but chicks three w'eeks old and older were 
not noticeably injured. (2) A dopble dose (1*2 per cent, solution) 
of soda caused chicks to drink more water than those fed the (Mi per 
cent, solution and produced watery droppings. Chicks two to eight 
weeks old were seriously injured by this dosage within one to three 
days and deaths occurred within this time. (3) Two and four-tenths 
per cent, solution of soda reduced water consumption below' normal 
for chicks under four weeks of age. The injurious effects of this 
dosage were noted within a day and deaths occurred within three 
days. (4) Mature cockerels were injured with a 2*4 per cent, 
solution of soda, but were not affected by a 1*2 per cent, solution. 
It was apparent throughout the project that the younger the chicks 
the more susceptible they were to soda injury. (5) Kidneys from 
chicks affected by feeding soda became pale, swollen and engorged 
with urates. The kidney tubules showed degenerative and exudative 
changes indicating severe injury. (6) Chicks affected by feeding 
soda showed an increase in kidney weight, and an increase of 
approximately four times in uric acid per gram of kidney and in 
uric acid in the blood He found the injury caused by feeding 
sodium bicarbonate to chicks similar to the pathology and blood 
chemistry changes present in visceral gout. Two weeks old chicks 
consumed" fitrnr 4f5 to 413 c.c. of “ normal water ” daily. 
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Carbonates, bicarbonates and caustic soda tend to cause 
alkalinity of the gastrointestinal juices and of the blood and tissue 
fluids (change in pH), consequently the continued drinking of 
alkaline waters and the constant taking of alkaline waters and the 
constant taking of alkaline powders will lead to serious digestive 
and other disturbances. Carbonates are more harmful than 
bicarbonates. 

Cope (193(i) draws attention to the fact that the constant use 
of alkaline stomach powders by individuals suffering from chronic, 
gastric hyperacidity may have serious consequences. These powders 
generally contain calcium carbonate, magnesium carbonate, 
bisniulh oxycarhnnafe, and sodium bicarbonate. lie states that the 
following symptoms may arise in the course of time when alkaline 
powders aie taken over long periods: Loss of appetite; slight 
vomiting; instability; thoughtlessness; unreasonal leness; depjession; 
vague headaches and muscle pains; red and inflamed conjunctiva 
(sore eyes); “ vision may be slightly blurred, but is as a rule not 
interfered with”; in some cases the patient himself complains 
about increasing impairment of mental efficiency; the skeletal 
muscles are sometimes abnormally excitable to direct percussion; 
polyuria is usual, but sometimes the urine volume is reduced below 
normal; the urine is mostly alkaline and always contains albumin; 
finally there may be coma. ” The rapidity with which these 
successive stages are passed through varies considerably *'—from 
a few days to weeks, ('ope states that “ very characteristic of all 
conditions of this type in which the body contains excess alkali is 
the extremely low concentration of chloride in the urine. This 
may he very simply demonstrated l y the addition of nitric acid and 
a small quantity of silver nitrate solution.” According to Cope the 
following points are of importance in the diagnosis of alkali 
poisoning: (1) The symptoms. (2) The presence of albumen in 
the urine. (3) Low concentration of chloride in the urine. (4) “ An 
alkaline reaction of the urine with effervescence on the addition of 
acid is of no diagnostic value as it is frequently found in persons 
taking considerable quantities of alkali in the complete absence 
of all toxic symptoms.” (5) Blood analysis: (a) “ Estimation of 
plasma carbonate or alkali reserve is the most certain of inter 
pretation ”—a rise above 80 volumes per cent, is practically 
diagnostic of alkali poisoning, (b) “ It would seem to be a sate 
general rule, however, to regard all suspected cases showing a rise 
in blood urea of about 80 mg. per cent, as cases of alkali poisoning, 
unless an independent cause for the high value can be definitely 
found.” As treatment he. recommends: (1) Removal of the alkaline 
powders. Alkali sensitive individuals should take di-sodium 
phosphate or perhaps hydrated magnesium silicate. (2) Admini¬ 
stration of sodium chloride per rectvm facilitates the excretion of 
bicarbonate. (3) Ammonium chloride can be given as an acidifying 
agent, but it must be used with care as in all cases of alkali 

f oisoning the kidneys are severely damaged and acidosis may result, 
t is essential that the urine be examined at frequent intervals. 

In experiments upon themselves^ Joos and Mecke (1934) found 
that after the administration of sodium bicarbonate there is (1) a 
marked increase in the sodium content of the blood serum, (2) a 
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slow fall in the magnesium content, (3) a pronounced und sudden 
fall in the calcium content, (4) a quick fall in the chloride content, 
and (5) a slow fall in the phosphorus content of the blood serum. 

Little (1937) describes a simple method of estimating the alkaline 
constituents of washing powders and washing solutions containing 
mixed alkalies. 

The taking of too much alkaline stomach powders has resulted 
in a serious state of alkalosis (Davies, 1939). 

II. Caustic Alkalis (Caustic Soda and Caustic Potash). 

A. On deratepoor t Experiments . 

Some time ago a specimen consisting of a fairly dark-brown, 
semi-coagulated, jelly-like fluid was submitted by the Government 
Veterinary Officer, Greytown, Natal, to Onderstepoort for analysis. 
It was stated that it waB a specimen of milk which had turned 
this colour when placed on the stove to boil. The specimen was 
submitted in an air-tight fruit jar and was about eight days old 
when examined. It emitted a very pronounced alkaline odour, was 
slimy and jellylike, and yielded a marked alkaline reaction with 
litmus paper. It was impossible to ascertain the degree of alkalinity 
by means of titration as the filtrate was dark-brown in colour and 
could not be decolorised with charcoal. It was then decided to 
determine the sodium content of the specimen. This was found to 
be far in excess of the sodium content of normal milk. 

The following rabbits were drenched by means of a stomach 
tube with the above specimen: — 

Rabbit A (2*0 Kg.): 100 c.c. on 7/7/38. 

Within five minutes after drenching pronounced laboured 
breathing set in, the animal breathing through its mouth. General 
weakness (paresis) followed soon and the animal was unable to sit- 
up or bold its head up. Muscular twitchings were seen on different 
parts of the body. The heart-action was very much accelerated 
and weak in the beginning and became progressively weaker until 
it was imperceptible a short while before death. The animal died 
within ten minutes after the development of symptoms. A few 
minutes before death occurred the animal became completely 
paralysed, was comatose and lay prostrate with the head drawn 
backwards. It died with terrific convulsions (jumping about in the 
cage) of the whole body. These were probably due to asphyxia. 

Post mortem appearances: General cyanosis; pronounced 
hyperaemia of the lungs, liver and kidneys; pronounced dilatation 
of both heart ventricles; pronounced hyperaemia and sliminess of 
the gastric mucosa; contents of small intestine very slimy. 

Rabbit B (2 0 Kg.): 60 c.c. on 7/7/38. 

Symptoms very similar to those described above set in within 
ten minutes after drenching. The only difference in the 
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symptomatology was that there were no muscular twitchings and 
that the animal died quietly in a state of paralysis and coma. Death 
occurred approximately twenty minutes after drenching. 

Post mortem appearances: Very similar to those described in 
rabbit A with haemorrhages in the gastric mucosa. 

The following three experiments (specimens 1, 2 and 3) were 
then conducted: — 

Specimen (1): 

Four grams of granular caustic soda were added to 200 c.c. of 
fresh cow’s milk. A light yellow colour appeared almost 
immediately. It soon became more intensely yellow and then 
developed a brownish colour as the temperature of the milk was 
raised by means of a gas-flame. As the temperature of the milk 
rose it became dark yellow-brown and when it was boiling it turned 
a dark reddish-brown colour. Between 50° and 70° the milk jellified 
and became fluid again before it boiled. It emitted a pronounced 
alkaline odour. 


Specimen (2): 

Twenty grams of granular caustic soda were added to 200 c.c. 
of fresh cow’s milk and boiled for two minutes. The milk showed 
the same changes as those described under (1); the changes in colour 
took place more rapidly and the colours were more intense. The 
cooled specimen was then placed in an air-tight fruit jar and was 
drenched to two rabbits seven weeks later. 


Rabbit A (1-9 Kg.): 50 c.c. on 14/9/38. 

The animal developed dyspnoea and apathy within a few 
minutes after drenching. After having shown loss of appetite for 
a day it appeared normal again. 


Rabbit B (1-95 Kg.): 100 c.c. on 14/9/38. 

Symptoms more pronounced than those described m Babbit A 
set in within five minutes after drenching. The animal appeared 
normal after twenty-four hours. 


Specimen (3): 

Forty grams of caustic soda were added to 200 c.c. of fresh 
cow’b milk and boiled for two minutes. The results of the addition 
of caustic soda and boiling were similar but more pronounced 
than those described under (2). The appearance, colour and odour 
of this specimen of milk were identical with those of the specimen 
submitted by the Government Veterinary Officer, Greytown. Two 
rabbits were drenched with specimen (3) after it had been kept for 
seven weeks in an air-tight fruit jar. 

351 



ALKALI POISONING. 


Rabbit C (1-25 Kg.): 50 c.c. on 14/9/38. 

The only symptoms the animal showed were transitory laboured 
respiration and loss of appetite. 


Rabbit 1) (1-66 Kg.): 100 c.c. on 14 9/3S. 

Laboured respiration set. in within a few minutes after 
drenching. There were violent intestinal movements within thirty 
minutes. After having shown pronounced apathy, loss of appetite, 
accelerated heart-action and after having passed dark brown urine 
for two days the animal appeared normal again. 

The slight toxicity of specimens (2) and (3) was thought to be 
due to the fact that they had stood too long (seven weeks) before 
being drenched. A further three specimens (4, 5 and 0) of milk 
were then treated with caustic soda, boiled for two minutes and 
left standing for eight days in air-tight fruit jars. The changes 
in the milk were the same as those noted before. On cooling the 
specimens jellified. 


Specimen (4): 

Twenty grams of granular caustic soda were added to 200 c.c. 
of fresh cow’s milk. After standing for eight days the specimen 
was dark brown in colour and had a jellylike appearance ami was 
slimy. It emitted a pronounced alkaline odour and smelt, very 
strongly of ammonia. It was drenched to two rabbits: — 


Rabbit E (0-9 Kg.): 50 gm . in a small quantity of water on 23/9/38. 

The animal retched and vomited within few minutes after 
drenching, and died within a further two minutes. 

Post mortem appearances: Most pronounced hyperaemia of 
gastric mucosa with partial dissolution (slimy appearance of the 
mucosa; similar changes in the small intestine; pronounced 
congestion of the liver; a fair quantity of vomitus in the lungs. 


Rabbit F (1*7 Kg.): 100 c.c. with a small quantity of water on 
23/9/38. 

Symptoms identical with those described in Rabbit A, wdiieh 
was drenched with the specimen submitted by the Government 
Veterinary Officer, Grey town, developed within three minutes after 
drenching. After a further ten minutes the animal retched, vomited 
died soon afterwards. 

✓ 

' Post mortem appearances: Gastric wall dark reddish-brown in 
colour and almost completely dissolved (very slimy); mucosa of small 
intestine dark reddish-brown and slimy (partial dissolution); 
pronounced hyperaemia of the liver; no vomitus in lungs. 
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Specimen (5 ): 

Forty grams of caustic soda were added to 200 c.c. of fresh cow’s 
milk. After eight days appearance and odour of this specimen were 
the same as those of specimen (4). The colour was dark yellowish- 
brown. The following rabbits were drenched with it: — 


Rabbit G (1*25 Kg.): 50 c.c. with a small quantity of water on 
23/9/38. 

The symptoms resembled those described in Rabbit F. The 
animal vomited and died within ten minutes after dosage. 

Post mortem appearances: As in Rabbit F, only more 
pronounced. No vomitus in lungs. 


Rabbit //. (1*05 Kq.): 100 c.c. with a ; small quantity of water on 
23/9/38. 

Symptoms as described in Rabbit F appeared within a few 
minutes and death occurred within ten minutes after drenching. 
Post mortem appearances: As in Rabbit O. The gastric wall was 
almost completely dissolved and showed a rupture. 

Specimen G: 

Sixty grams of caustic soda were added to 200 c.c. of fresh 
cow's milk. After eight days the colour, appearance and odour 
(alkaline and ammonia) were identical with those described under 
specimen (5). 

This specimen was not dosed to rabbits as specimens (4) and (5) 
had yielded positive results. 

In considering the toxicity of milk to which caustic alkalis were 
added it should be realised that there are two different kinds of 
poisons nresent, namely, the caustic alkali and decomposition 
products caused by the action of the alkali on some of the 
constituents of the milk, especially the protein. That the alkali 
causes pronounced destruction of the protein in the milk is evident 
from the pungent ammonia odour which is emitted after a few’ days. 
Toxic amines are probably also formed. It appears that the toxicity 
of caustic alkali milk decreases in the course of time. The ammonia 
odour which w’as not pungent after eight days decreased and 
eventually disappeared. 

On an earlier occasion three groups of four rabbits each were 
drenched with 1*0 (Group I), 2*0 (Group II) and ft (Group III) 
per cent, aqueous solutions of caustic soda respectively. The two 
rabbits (Group 1) which received 40 c.c. of a 1*0 per cent, solution 
developed no symptoms beyond transient, loss of appetite. Those 
two animals of Group I which were drenched with <80 c.c. died 
within forty hours. In Group TI two rabbits received 40 c.c. and 
the remaining two 80 c.c. of a 2*0 per cent, solution of caustic soda. 
They died from within twenty to thirty hours after drenching. The 
two rabbits in Group III which received 40 c.c. of a 5 0 per cent, 
solution of enuRtic soda developed symptoms within a few minutes. 
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One of these rabbits vomited and died within one-and-a-half hours 
after drenching, whilst the other one lived for approximately thirty 
hours. The remaining two rabbits of Group 111 which received 
80 c.c. of a 5*0 per cent, caustic soda solution died within three 
hours. 

The symptoms and post mortem appearances closely resembled 
those described below under II (B). Even with tSO c.c. of a 1*0 per 
cent, solution of caustic soda there was pronounced dissolution 
(corrosion) of the gastric mucosa and wall. In one of the*c cases 
the gastric wall was almost perforated in two places. The remaining 
portion of the internal surface of the stomach wall was very slimy 
and intensely dark (dirty) reddish-brown (alkali haematin). "With 
higher concentrations of caustic soda the lesions were much more 
pronounced. 

B. Mode of Action, Toxicity and, Symptoms of Caustic Alkalis . 

Caustic alkalis dissolve the epithelium and form soluble alkali 
albuminates when coming into contact with proteins (skin and 
mucous meiubi.ines). The mucous membrane and skin becomes 
oedematous, transparent, and soapy, and the corroded area becomes 
necrotic, soft and slimy. If blood vessels have been corroded by 
the alkali the affected surface may bleed and alkali haematin is 
formed. In such cases the colour of the affected area may be 
reddish-brown, black brown (rare) or often bright red (excessive 
haemorrhage). In the course of time the colour changes to greyish- 
white—in dilute solutions within 1-2 hours and in concentrated 
solutions after longer periods. 

Acute alkali poisoning facilitates the deposition of calcium in 
the bone system, hence the blood and tissues are deficient in this 
element (Rentz, 1933; Renvis, 1935). 

Histologic changes in the parenchymatous organs in cases of 
alkali poisoning have been described by Jankovich, Incze and 
Fazekas (Fazekas, 1937), but unfortunately the publication is not 
obtainable in South Africa. Fazekas (1937) drenched different 
groups of rabbits with 1, 2, 3, 5 and 10 per cent, solutions of caustic 
soda, the animals receiving 0*5, 0*75, 1*25, 1-5, 2 # 25 and 2*5 gm. 
NaOH after one day starvation. The following changes were noted 
in the blood chemistry of the animals:—(1) A disturbance of the 
glucose metabolism in the form of hyperglycaemia. *(2) A pronounced 
increase in the inorganic phosphorus content of the total blood. 
(3) A decrease in the serum calcium. (4) A moderate decrease in 
serum chlorine. (5) A slight increase in serum sodium. (6) Definite 
acidosis in the form of a decrease in serum alkali reserve. 

The degree of corrosion caused by caustic alkali depends upon: 
(1) Their concentration. (2) The quantity swallowed. (3) Length 
of period of action. (4) Quantity of food present in the stomach 
and intestine. (5) The resistance of the tissues concerned. Solutions 
of caustic alkalis under 1-0 per cent, do not as a rule cause fatal 
corrosion hut mostly only inflammation of the mucous membranes. 
More concentrated solutions and especially solid pieces of alkali 
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frequently cause severe corrosion and even perforation of mucous 
membranes ami of the stomach wall. When solutions of caustic 
alkali are thrown in the face it may be aspirated and fatal 
pneumonia may result. 

Balasz (1934) states that 2,134 cases of alkali poisoning were 
treated in the Budapest hospital from 1924-1933. Most ot these 
cases were suicidal, lie gives a (fetailed description of the symptoms 
in alkali poisoning. 

The following symptoms are r^een in cases where solutions ot 
caustic alkalis of 10 per cent, and higher concentrations are 
swallowed:—The lips are swollen in almost all cases of alkali 
poisoning. This is diffcrential-diagnostically of great value in 
comparison with acid poisoning. Yeiy scveie pain in all the organs 
with which the solution comes into contact. Pain is especially 
experienced in the sternal region and in the back due to oesophagitis 
and porioesophagitis. On the first day there are stomach pains in 
the cardiac and epigastric regions. There are hiccoughs - and 
vomiting. The vomitus may be mucoid, slippery and reddish-brown 
or almost black with alkali haematin or it may be bright red when 
excessve bleeding occurs. When necrotic material is piesent it has 
a very had odour. There is difficulty in swallowing which may he 
due to pain, spasms, an acute, transitory, reflex paralysis, or 
paralysis due to direct alkali action on the soft palate or oesophageal 
musculature, swelling of the oesophageal mucous membrane, 
mechanical blocking of the oesophagus by necrotic mucous 
membranes, food, or due to fibrosis of the muscles of deglutition. 
The respiration is accelerated and in bad cases the pulse is slow 
and small (shock) in the beginning, but eventually it becomes 
accelerated in most cases. Prognost irally a fast pulse is unfavourable 
as it indicates complications which are described below. The blood 
pressure is in most cases low. The reflexes are generally increased. 
The pupils are dilated in had cases. Patients are mostly quite 
conscious and convulsions occur very rarely. The skin is mostly 
pale hut in laryngeal lesions it is cyanotic. In the course of time 
the face turns red when fever appears as a result of complications. 
In very serious cases death occurs in a few hours with a subnormal 
temperature. Diarrhoea and bloody faeces are rare and only occurs 
when there is severe corrosion of the duodenum and jejunum. The 
urine need not necessarily be alkaline and is sometimes acid in 
serious fatal cases. An alkaline reaction of the urine often sets 
in a few hours after poisoning but is transitory. There is protein 
in the urine in serious cases and often also acetone clue to inanition 
or to decomposition of protein. 

The direct causes of death in alkali poisoning may he shock, 
collapse, glottis oedema, pneumonia, exhaustion, perforation, 
haemorrhage, mediastinitis, pericarditis and (or) peritonitis without 
perforation. The maximum numlicr of fatalities fall within the 
first three days and on the eighth to tenth days according to Balasz 
(1934). The shortest period within which death occurred from alkali 
poisoning was two hours. 
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The following complications may follow the swallowing of 
caustic alkalis:—(1) Stenosis of the oesophagus, pylorus and small 
intestine. (2) Leschke (1932) states that cancer of the stomach may 
develop in some cases. (3) Inflammatory and purulent phlegmones 
of the oesophagus and the stomach which may pass over on to the 
adjoining organs resulting in pleuritis, pericarditis and peritonitis. 
(4) Extensive internal haemorrhage due to corrosion of large blood 
vessels. This is rare in comparison^ with extensive bleeding in cases 
of parenchymatous haemorrhage. (5) Abortion is rare. 
(6) Perforation of the oesophagus, stomach wall and (or) intestinal 
wall resulting in phlegmones, perioesophagitis, pneumonia, 
pericarditis, pleuritis and peritonitis. (7) Pronounced glottis oedema 
necessitating tracheotomy. (8) Toxic effects on the heart eba* to 
absorption of decomposition products from necrotic tissues. 
(9) Shock and collapse*. (Frohner, 1919; Lander, 1926; Lewin, 1929; 
Van Itnllie and Bylsma, 1930; Glaister, 1931; Leschke, 1932 and 
1934; Rents, 1933; Fazekas, 1934 and 1937; Balasz, 1934; Schian/, 
1934; Smith and Cook, 1934; llenvis, 1935.) 

The following table is compiled from information supplied in 
Bulasz’s (1934) publication and is of great value in differentiating 
between acid and alkali poisoning: — 

Acids, Caustic Alkalis. 

1. Coagulate protein of tissues 1. Dissolve tissue protein and 
and partly prevent further enhances further corrosion, 
corrosion. 

2. (/rust is hard. 2. Lesion is soft, transparent 

and slimy (moist). If 
corrosion' is severe the area 
may be reddish-brown or 

bright-red. 

* 

3. Very little or no oedema. • 3. Pronounced, jellylike oedema. 

4. Lips rarely swollen. 4. Lips almost always swollen. 

5. Infections are more frequent 
in alkali poisoning as the 
lesions are more favourable 
for bacterial growth. Hence 
perioesophagitis and inedias- 
tinitis with perforation are 
more frequent in alkali than 
in acid poisoning. 

The symptoms of alkali poisoning in animals are similar to those 
described in numan beings. 

C. Post Mortem Appearances, 

These depend upon the concentration and quantity of alkali 
swallowed and are evident from the description of the symptoms. 
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1). Detection of Caustic Soil a. 

Reaction of specimen is strongly alkaline. Vomit is the best 
specimen for analysis, anti also stomach contents in cases where no 
chemical antidotes were administered. The specimen, if fluid, 
should he concentrated by evaporation and then extracted with 
absolute alcohol and filtered. The filtrate is then evaporated to 
dryness and tested for the alkali suspected. The dialysis method 
could also be used. In protracted cases it is difficult and often 
impossible to detect the alkali which caused the poisoning. 

E. Treatment of Alkali Poisoning. 

Tracheotomy should be performed in cases of glottis oedema. 
In less severe cases stomach lavage could be executed with small 
quantities (2(H) e.c.) of weak acid solutions (diluted vinegar, acetic 
acid). Milk and eggs should be administered and belladonna 
(atropine) to inhibit gastric and intestinal secretion and motility. 
It is of importance to tieat the weak heart. Morphine injections 
should be given to allay pain, excitement, incessant vomiting; and 
sleeplessness. Infusions are essential in order to replace 1 the loss 
of fluid. Serious cases of stenosis of the oesophagus, pylorus and 
small intestine should he operated upon. 


III. SUMMARY. 

1. Poisoning with weak and caustic alkalis is reviewed and 
discussed. 

2. Analysis of a specimen of milk maliciously poisoned with caustic 
soda is described. 

3. An account is given of (a) experiments in which varying 
quantities of caustic soda were added to fresh cow’s milk and 
also of experiments conducted upon rabbits with this milk. 
( b) The effects of different concentrations of caustic soda on 
rabbits. 

4. The continuous taking of alkaline stomach powders may have 
serious consequences. 
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The Biological Value of White Fishmeal as 
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Onderstepoort. 


Fishmeal as a feed for animals has probably first been used 
in Norway. Since 190’) fishmeal, as distinct from fish manure, 
was manufactured in appreciable quantities in England. It was, 
however, not until 1916, that it became a popular ingredient: in 
rations for livestock. It was soon demonstrated that this feed was 
exceptionally good for young growing animals and poultry. 
Davidson (1928) showed that the value of fishmeal tor feeding oi 
pigs is associated with the protein and particularly with the amounts 
and proportions of mineiul ingredients. By replacing fishmeal with 
vegetable proteins in the ration of pigs he obtained as good results 
as with fishmeal, if the former ration is supplemented by a mineral 
mixture. The same quality carcase as that obtained with fishmeal, 
could not be established. Plimmer and Rosedale (1934) determined 
the relative nutritive value of different proteins on chickens l;v tic* 
growth method. The value of these protein feeds was calculated 
numerically from the equation l a /TP, where 1 equals increase in 
weight, T length of experiment and P protein consumption. On 
this liasis they classified the proteins as follows:—caseinogen 100, 
fishmeal 85*3, meat meal 02'8, wheat germ 08, hloodmeal 48, lucerne 
2fvG. From these figures it appears as if fishmeal is a good protein 
for poultry. However, Hal pin and co-workers (1930) found that 
excessive quantities of fishmeal in the ration of poultry caused 
4i crippled ” feet. Carbone (1937) calculated the composition of 
fishmeal from various sources and concluded that it is not such a 
satisfactory concentrate for beef cattle and milk cows as oil seed 
cakes, since it does not give such good growth. It is, however an 
excellent feed for pigs. Monroe, Krauss and Hayden (1937) compared 
white fishmeal w r ith linseedmeal as a source of protein in the ration 
of dairy cattle from 6 months of age until the second calving stage. 
They found no significant difference in growth and milk production, 
although the health and general vigour of calves from the fishmeal 
group were slightly better. 

It appears as if the quality of fishmeal is largely determined 
by the type of product used and the method of manufacturing. 
Bethke and Wiecler (1934) found that cooking as well as high 
temperature destroy the vitamin content. The protein seems also 
to be effected. Thus the protein of vacuum dried fishmeal, as 
determined by these authors was superior to these of flame dried 
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fishmeals. Oshura and Itaya (1938) observed that the digestibility 
of fishmeal protein is highest for steomdried and lowest for flame 
dried and roasted fishmeals. Sundried fishmeal has a much higher 
NH S content than machine dried fishmeal. Schneider (1932) by 
experiments on rats and pigs found that the protein of vacuum 
dried white fishmeal has a higher digestibility and is better utilizable 
than steam dried and flame dried Menhadden fishmeal. It is 
interesting in this respect that Davies (1936) found by chemical 
analysis of the crude protein fraction of fishmeals, that these meals 
are higher in non-protein nitrogen compounds than either meat meal 
or blood meal. It is possible that flame drying increases the non¬ 
protein nitrogen compounds and hence decreases the digestibility of 
the protein as was found by the above workers. Swaminathan 
(1938) found a relationship between the non-protein content of 
grasses and the digestibility of the protein. A high non-protein 
content invariably points to a lower digestibility. 

Expehimental. 

White fishmeal which is reported on in this study is a product 
recently put on the South African market. It contains an average 
of 67 per cent, protein. The biological utilization of its nitrogen 
was determined on growing sheep and rats. The weights of the 
sheep varied from 26 to 31 Kgm. The endogenous nitrogen and 
metabolic fecal nitrogen were determined previously on these sheep 
and the results then obtained were utilized in the calculation of the 
biological value of the protein of fishmeal. With rats the endogenous 
and metabolic fecal nitrogen were determined in a separate period 
prior to the actual metabolism period on fishmeal. The composition 
of the rations is given in Table 1. Wheat straw has now been 
introduced into our nitrogen low diets for sheep, since we have 
found no effect on the endogenous nitrogen excretion. 

Table 1. 


Composition of Rations on Percentage Bases . 



Sheep. 

1 

i 

Rata. 

Percentage. 

White fishmeal. 

160 

11-9 


Wheat straw. 

600 

— 

— 

Bex. starch. 

31-5 

<63*1 

720 

Sucrose. 

— 

100 

10 0 

Butter fat. 

— 

8*0 

80 

Codliveroil. 

0-6 

20 

2*0 

Harris Yeast.... 

— 

20 

20 

Salt mixture*.. !?. 

— 

20 

20 

Bonoash. 

20 

— 

— 

NaCl. 

io 

10 

10 

Agar. 

— 

— 

3*0 

Total. 

1000 

1000 

1000 

Per cent. Nitrogen. 

219 

1*60 

0‘20 


* New salt mixture of Hnbbel, K., Mendel, J. B. and W&keman, A. J. (J. Nutr. 
14 - 279 - 286 , 1837 ). 
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Discussion on Uksuj/is. 

The metabolism data and the calculation of the biological value, 
apparent and true digestibilities of the nitrogen ot white fishmeal 
on rats are given in Table 2. The same data pertaining to sheep 
are given in Table 3. Hats were put for 8 days on a nitrogen lo\* 
ration, the composition of which is given in Table 1, and then on 
a collection period of 8 days on the same ration. The endogenous 
Nitrogen per 100 gm. weight and the metabolic fecal nitrogen per 
grni. food consumed, determined in this period were utilized in 
calculating these fractions in the subsequent protein period. After 
a preliminary period of 11 days on the protein period, collection 
was carried out over a period of 8 days on the same ration. As 
will be seen from Table 2 the average apparent and true digestibi¬ 
lities for the 0 rats were 70 and 07 per cent, respectively. The 
apparent digestibility of vacuum dried white fishmeal on rats as 
reported by Schneider is 80*7. This value is very nearly the same 
as ours. Since the apparent digestibility does not take into account 
the body’s contribution of nitrogen in the total fecal excretion of 
nitrogen, it is not a real measure for the true digestibility of the 
fishmeal nitrogen. For this reason the true digestibility has been 
determined, the value of which is 07 per cent. Actually then the 
white fishmeal nitrogen is 07 per cent, digested. The average 
biological value for the (i rats is 00. This figure is somewhat higliei 
than the vacuum dried white fishmeal of Schneider (1932) on which 
he found an average value of 84. This difference is very small, 
if it is taken into account that his meal was fed'at 10 per cent, 
and ours at 9 per cent, level. 

Referring to the metabolism data on sheep as reproduced in 
Table 3, it is evident that the digestibilities as well as the biological 
value are lower than in rats. It n vst be noted, however, that the 
level of protein feeding in the case of sheep is approximately 14 
per cent., where it is only 9 per cent, in the case of rats. Whether 
this difference in level alone is the cause of the lower values is 
impossible to say. It is quite possible as Timarin suggested, that 
the difference may be due to a different intensity of enzyme action 
or to a varying degree of wastage of digestive protein by putre¬ 
factive fermentation according to the rates of passage of the food 
through the alimentary canal of these two species of animals. The 
alimentary canal of the pig is probably less complicated than the 
sheep, and resembles more closely that of the rat. Schneider (1932) 
at a 12 per cent, level of white fishmeal obtained an apparent 
digestibility of 80 per cent, for pigs in comparison with our value 
of 63 for sheep. The rat in his experiments and ours showed values 
of 84 and 79 per cent, digestibility respectively. The true digestibi¬ 
lity of the nitrogen contained in white fishmeal in our experiment 
with sheep is 87 per cent. 

As will be seen from Table 3, the average biological value of 
white fishmeal with Rheep is 74. This is lower than the value of 
83 reported by Schneider (1932) on pigs. It would appear therefore 
as if data obtained from rats can be applied to the pig, but that 
the application of such data is doubtful with animals like the 
sheep, having a more complicated alimentary tract. 
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The biological value of 74 nevei theless justifies the conclusion 
that the protein of while fishmeal is well constituted, and utilized 
exceedingly well by young sheep. 


Summary and Conclusions. 

By means of nitrogen metabolisi» ex peri men is with white fish¬ 
meal on rats and sheep, it was found, that the apparent and true 
digestibilities of the white fishmeal protein are respectively 71) and 
97 per cent, with rats, and 63 and 87 per cent, with sheep. 

The biological value as determined by rats at approximately 
9 per cent, protein level is 90 and for sheep at approximately 
14 per cent, level 74. 

It is concluded that white fishmeal is a good protein bed for 
growing sheep. 
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(Pink Tooth) No. 2. 
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The first known living cases of bovine congenital porphyrinuria 
were described by Fourie (193(1) from I he clinical .and pathological, 
and by ltimington (1936), Rimington and Fourie (1937), Riming!on 
and Rods (1937) from the bio-chemical point of view. Rimington, 
Hoets and Fourie (1938) presented certain details concerning the 
quantitative excietion of porphyrins in Uiesa cases, hut at that Line 
the authors felt that the data were incomplete and the results 
reported in this paper are intended to be supplementary to those 
previ ously presented. 

Fischer, quoted by RchunfUn (1919), found 17 gm. to *f) gm. 
of porphyrin pigments daily in the urine of Petiy when he made 
the determinations during different months of the year (November 
to February). Schumm (1919) examined the urine of Petry during 
the summer and during the winter and found moie or less the 
same amounts (circa 0*4 gm.) on both occasions. 

Beyond this very little seems to be known concerning the quanti¬ 
tative excretoin of porphyrins in congenital porphyrinuria in man 
and animals. Recently, however, a good deal of work is reported 
concerning the quantitative determination of porphyrins in the case 
of normal humans as well as in rases of man and animals suffering 
from various diseases, e.g. Dobriner (1937), Brugsch (1938), 
Rimington (1938), Grotepass (1938), Mertens (1937), and Hoets 
(1938). In these papers notable advances are recorded concerning 
the methods employed in order to determine quantitatively the 
porphyrins excreted. 

In this paper the authors intend to record results concerning 
the quantitative porphyrin excretion during different times of the 
year by bavines suffering from congenital porphyrinuria (PinK 
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Tooth), and at the same time data are presented concerning the 
relative porphyrin excretion in bovine congenital porphyrinuria in 
a completely normal bovine and in apparently* normal bovines. 

Details of Experiments. 

The animals were maintained in metabolism stables on a daily 
ration of 5 pounds veld hay in the morning and 8 pounds crushed 
maize with 2 pounds of green food in the afternoon. The animals 
were watered twice daily and the amount of water consumed was 
carefully measured. 

The amount of faeces passed and the amount of urine excreted 
were carefully weighed and measured every 24 hours. The animals 
were usually under observation for a period of 14 days, but deter¬ 
minations were not recorded for the first 24-48 hours of the 
experiment, as the animals were sometimes a little bit upset when 
they were confined to the metabolism stables, resulting in some cases 
in diarrhoea. During this 24-48 hour period they were therefore 
allowed to settle down to the conditions of watering, feeding, etc. 

Daily quantitative porphyrin determinations of faeces and urine 
were made in the case of the known pink tooth animals 7010, 7017 
(see Fourie, 1930) in the same way as this was done by Kimington, 
Eoets and Fourie (1938). 

On account of the low level of porphyrin excretion in the normal 
animal 6384 and in the apparently normal animals 7022, 7393 and 
7356 a slightly modified method of dealing with the faeces and urine 
was made use of. Before giving details of the method in which the 
faeces and urine were actually handled, it is perhaps just as well 
to give a brief history of these animals. 

No. 6384 is a red heifer entirely unrelated to the porphyrin 
animals, but the bull 7015 (see foiurie, 1936) which is known to 
transmit the condition is being mated to her, in an attempt to 
produce further porphyrin carriers for the study of the genetics of 
congenital porphyrinuria. 

No. 7393 is a carrier, being the daughter of a porphyrin cow. 

No. 7022 is a daughter of Bull 7015 and thus possibly a carrier— 
she has, however already produced 2 calves from makings to her own 
father, but both calves are clinically normal. 

No. 7356 is a heifer and one of the two calves of 7022. 

The last three animals (7393, 7022, and 7356) arfc therefore 
listed &s apparently normal aB one certainly and two possibly may 
be carriers of the recessive character. 

# Apparently normal is here used for animals which in sonie cases are 
actually known to be carriers of the anomaly, and in other cases for animals 
which may be carriers, since they are daughters of the bull 7015 < (see Fourie, 
1937) which is known to be a carrier of the recessive ckaracter. A paper 
concerning the hereditary nature of the condition as a recessive' character will 
be published by one of us (Fourie) at a later date. 
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In addition to these three animals in this group, a furthei 
animal was added, viz. No. 7597. He is a bull which is showing 
very marked photosensitization on exposure to the sun. llis teeth 
are only slightly discoloured it at all and porphyrin excretion in the 
faeces and urine is on a low level. This animal, however, has a 
remote common ancestry to hull 7015 and is at present being 
regarded as a very suspicious but atypical ease of congenital bovine 
porphyrinuria. Confirmation of this is being awaited, pending the 
results of ceitain breeding experiments already commenced. 

Method ok Dealing with Urine and Faeces ok Normal and 
Apparently Normal Animals, etc. 

U vine. 

A representative sample of 500 c.e. of urine from each animal 
was collected at the end of each 24 hour period. It was stated in 
the ice chest and every 24 hours an aliquot of 500 c.e. df that day 
was added to that collected on previous days, until at ihe end of 
four days 2,000 o.c. of urine was available for examination from 
each animal. Acetic arid was then added up to a concentration 
of 5 per cent., and the. solution extracted in a big Kutcher-Steudal 
continuous extraction apparatus for 24 hours. The ethereal solution 
was thoroughly washed in a separately funnel with water containing 
potassium acetate, in order to remove the acetic (acid and an\ 
soluble urinary pigments. The water washings were, however, 
rewashed with fresh ether to safeguard against any possible 
porphyrin loss. Any porphyrin so obtained in ether solution was 
then added to the main ether solution containing porphyrin so 
that the final ether solution usually had a volume of approximately 
750 c.c. From this solution the porphyrins were transferied to 
acid solution by repeatedly adding to the former 10 to 15 c.c. of 5 
per cent. 11(9 and shaking thoroughly. Negative fluorescence in 
ultra violet light indicates when the end point has been reached. 
The entire acid solution about 50 c.c. in volume, was transferred 
to a 100 c.c. separatory funnel, potassium acetate added as before, 
the porphyrins again shaken into ethereal solution and the water 
washings refeired to above repeated The porphyrins from this 
final solution, which was approximately 30 c.c. in volume was shaken 
into 5 to 10 c.c. of 5 per cent. HOI, and the intensity of the 550 
hand compared spectroscopically with a porphyrin standard of known 
value in the usual way. 

Because of the small amount of porphyrin present in these 
animals, two of them (one 7597 the suspected porphyrin sufferer 
and the other 0384, completely normal) were used for further 
investigation concerning the presence of uroporphyrin, by adding 
acetic acid to their ether soluble porphyrin extracted urine to a 
concentration of 6 per cent, and filtering through alumina absorp¬ 
tion columns, but no uroporphyrin could be detected by eluting with 
dilute alkali.* 

* This method was devised and employed by one of us (Roots) in June (1938). 
Since this article was written up in November (1938) Dobriner and Rhoads 
(1938) independently used practically the same method to determine urinary 
coproporphyrin in the urine of man. 
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Faeces . 

50 gm. of a representative sample of faeces from each animal 
was collected daily in acetic acid. This was kept in the dark and 
after 4 days the combined 200 gm. from each animal was extracted 
in the usual way with acetic acid and ether. The porphyrin was 
transferred to 5-20 c.c. of 5 per cent. HC1 (depending on the 
porphyrin content). This solution was shaken with chloroform to 
remove soluble pigments and the copro-porphyrins determined. 

The handling and sampling of the faeces and urine were other¬ 
wise carried out as described by Iiimington, lloets and Fourie 
(1938). 


Results Obtained . 

Faeces and urine fiom the two pink tooth animals 7017 and 
7018 were examined from 9/11/37 to 19/11/37 and again from 
14/2/38 to 24/2/38. That from the third pink tooth animal 7016 
was examined from 8/12/37 to 23/12/37. 1 he results are monied 
in tables 1, 2 and 3. 

In Figs. I, II and III the daily total porphyrin, daily total 
copro-porphyrin and the daily total uroporphyrin, with correspond¬ 
ing averages for the three animals 7017, 7018 and 7016 are 
graphically presented. 

The I and III series isomers of copropoiphyrin were separated 
and quantitatively deteunined in urine samples of 7017, 7018, and 
in faeces samples of 7017, 7018, 7022 (apparently normal, possibly 
a carrier) and 7597 (suspected pink tooth bull) (Table 4) using the 
method described by Iiimington, Koets and Fourie (1938). A portion 
of urine and of faeces excreted during a 24-hour period was taken 
for this purpose. 

Analysing the figures presented in Tables 1, 2 and 3 there 
does not appear to be a consistent relationship between the daily 
porphyrin excretion and total daily faeces or urine output. 

In the case of animal 7017, in which the greatest porphyrin 
excretion is recoided there was, after an initial rise in porphyrin 
excretion, a steady decline for the first few days after the animal 
was placed in the metabolism stable (admittedly under completely 
different environmental conditions than the animals were used to). 
Thereafter and until the completion of the ten day period the 
poiphyrin excretion steadily increased, this being mainly due to an 
increase in the copro-porphyrin, as the uroporphyrin fluctuated 
irregularly during that time. This examination occurred during the 
early summer. 

When the animal was again examined for ten days during the 
late summer, there was again an initial porphyrin decrease, but 
this time more regularly progressive than the previous time, in 
spite of a somewhat marked increase in the uroporphyrin at times. 
Subsequently, however, the porphyrin fluctuation was rather 
irregular. 

In the other two animals (7018 and 7016) the porphyrin excre¬ 
tion fluctuated widely and irregularly from day to day. 
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PORPHYRIN EXCRETION II\ BOVINE CONGENITAL PORPHYRINURIA. 


Table 4. 

Ratio Copro I: Copra 111 . 


No. 

of 

Animal. 

Date. 

Material. 

Total 
Copro. 
in mg. 

Copro. 1 
in mg. 

Cojro. 
in mg. 

Ratio 
of Copro. 

7017 

18-19/11/37. 

Urine. 

52-5 

45-0 

2-25 

1 : 0-06 

7018 

18-19/11/37. 

Urine. 

18-75 

15-0 

2-52 

1 : 0 -167 

7017 

23-24/ 2/38. 

Faeces. 

41-0 

37-5 

1-68 

1 : 0 04 

7018 

23-24/ 2/38. 

Faeces. 

22-5 

20-0 

0-765 

1 : 0-038 

7022 

24-25/ 6/38. 

Faeces. 

— 

0-105 

0-065 

1 : 0-619 

7597 

24-25/ 6/38. 

Faeces. 

— 

0-238 

0-30 

1 : 1-261 


It is perhaps worthy of note that both the animals 7017 and 
7018, which were always under observation at the same lime, 
excreted porphyrin at a much higher level when examined during 
the late summer than was the case during* the early summer. It 
is not considered likely that photosensitization may have been the 
cause of this, as the animals were only exposed for a very short 
time to the sun, when they weie driven fiom one stable to the* 
other. That the change in the season may have been a factor, 
cannot be definitely stated. However, it seems probable that seasonal 
variation was responsible for the increased porphyrin excretion 
during the late summer, since a change in food was certainly not 
a factor, as the two animals under conditions of stabling were given 
the same food on both occasions. 

This higher level of porphyrin excretion in animal 7017 during 
the late summer was not so much due to a greater urine volume as 
to a greater j)orphyrin concentration, w r hereas in the case of 7018, 
the concentration of porphyrin in the urine was more or less the same 
during early spring, but as the total volume of urine was markedly 
increased (average daily output early spring-5,438 c.c., average 
daily output late summer = 9,272 c.c.) the higher uro-porphyrin 
excretion w T as definitely due to this greater total urine output. 
However, ^ in the case of the faeces of both animals the 
concentration was definitely higher during late summer than 
during the early spring, whilst the faeces weight remained 
at more or less the same level on both occasions. In order 
to eliminate the possibility that an experimental error may 
have been responsible for the higher values obtained during the late 
summer, new standards were made up and determinations were made 
in duplicate, when it was found that the results corresponded in 
both instances. Whether this seasonal variation in the porphyrin 
excretion can satisfactorily explain the uneven distribution of the 
porphyrins in bones of affected animals as described by Fourie (1936), 
is a point, which cannot at the moment be definitely settled from 
the available information. 
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In working out the ratio of total to copro-to uro-porphyrin 
excreted from the daily averages (see Table 5) during the periods 
of 10 to 14 days the figures obtained are strikingly constant viz. 
approximately 10:9:1 for the three animals 7016, 7017 and 7018. 
There is however a deviation from the constant in the case of 
animal 7018, during the period 9/11/88 to 19/11/38, when the 
ratio is approximately 10:8:2. This deviation is due to the except¬ 
ionally large volume of urine which was excreted by this animal 
at that time as compared with the volume of urine excreted by 
this animal subsequently, and as compared with the amounts 
excreted by the other two animals. 




Taiu.k 

5 . 






| Daily i 

Daily 

! 

Daily ! Ratio ok- 




Average j 

Average 

Average ! 



No. of 

Date. 

1 of Total 

Total 

Total ! 


* 

Animal. 

Por- i ( 

’opropor- 

Uropor- | 

phyrin j Total. If 1 





phyrin 

phyrin 

npro. 

Tro. 



! in gin. : 

in gm. 

in gm. 1 

' 


! 

7017 1 

14-24/ 2/38. 

! 1•6558 ! 

1-5080 

0 1478 | 10 ! 

9-1 

0-9 

7017 ; 

9-19/11/37. 

1 0-8627 , 

0-7841 

0 0782 | 10 j 

9-1 

0-9 

7018 

14-24/ 2/38. 

! 0-8713 | 

0-7957 

0-0756 ’! 10 ! 

9-1 

0-8 

7018 | 

9-19/11/38. 

, 0-3513 J 

0-2935 

0-0578 1 10 

8-4 

1-6 

7016 i 

8-23/12/37. 

1 0-2888 1 

0-2655 

0-0424 10 ! 

9-2 

1*46 


The average coproporphyria concentration in the urine of the 
normal animal (>384, which is not in any way related to the congenital 
porphyrin uric animals, over a period of 8 days is *056 mg. per 
2,000 c.c. of urine. This is a little higher than the concentration in 
normal human urine as determined by Grotepass (1938), who found 
the concentration to be 02 mg. per 1,000 c.c. in 10,000 litres of 
urine. In man the total average daily coproporphyria excretion 
over 9-day periods is 300 to 376 micro-grains (Dobriner, 1937). 

The figures obtained for the normal animal 6384 over an 8-day 
period are: (//) total daily average coproporphyrin excreted in the 
urine— 056 mg. per 2,000 c.c. and (b) the total daily average copro¬ 
porphyrin excreted in the faeces—*056 mg. per 100 mg. When the 
excreted porphyrin of the apparently normal animals Nos. 7022 and 
7393 (both being related to congenital porphyrinuria animals) is 
compared with that of the normal, animal 6384 (see Table 6) it will 
be seen that the concentrations of coproporphyrin both in urine and 
faeces are slightly higher viz.: — 

7022—urine, -066 nig. per 2,000 c.c. 
faeces, 'll mg. per 100 gm. 

and 7393—urine, *069 mg. per 2,000 c.c. 
faeces, -105 mg. per 100 gm. 

379 








PORPHYRIN EXCRETION IN BOVINE CONGENITAL PORPHYRINURIA. 


Table 6. 


Showing concentration of copra porphyrin in faeces and urine of one 
normal animal (6384), of three apparently normal animals 
(7022, 7356, 7393) and of one suspected case of l*ink Tooth (7597). 




Fauces. 


I t kine. 


No. of Animal. 

Date. 

Weight 
in gm. 

Copropor- 
phyrin 
mg. per 
l(K) gm. 

Volume 
in e.e. 

Copropor¬ 
phyria 
mg. in 
2.000 e.e. 

Water 

Intake 

in 

Litres. 

7022. 

Id—20/6/38 

40,880 

0102 

7,790 

0*058 

35-8 


20-25/6/38 

33.2(H) 

0116 

7,790 

0*072 

37-6 

Daily Average... 

16-25/6/38 

8,231 

0110 

1,731 

0-066 

8-2 

7597". 

16-20/6/38 

26,140 

0144 

11,575 

0*147 

33*4 


20-25/6/38 

41,420 

015 

16,770 

0*08 

47*2 

Daily Average... 

16-25/6/38 

7,537 

0147 

3,149 | 

0*11 

i 8*96 

6384. 

11-15/7/38 

26,430 

0 053 

5,330 

0-06 

21-6 


15-19/7/38 

19,050 

0 058 

13,615 

0-051 

! 29-4 

Daily Average... 

11-19/7/38 

5,685 

0 056 

2,368 

0-056 

! 6-4 

7393. 

11-15/7/38 

28,230 

0111 

1 7.322 

i 0*053 

i 24-6 


15-19/7/38 

26,3(H) 

0-098 

! 11.5(H) 

0-083 

43*0 

Daily Average... 

11-19/7/38 

1 6,059 

0-105 

2.353 

1 0*068 

8*5 

7356. 

13-19/7/38 

18,640 

0-058 

! 10.620 

' 0*073 

: 40 0 

Daily Average... 

~ 

i 3,107 j 

0-058 

1.770 

j 0-073 

i 6-7 


Whether these values also fall within the limits of normality 
is not known at the moment. 

Animals 7022, 7393, 7356 and 6384 were originally included in 
these experiments as a group*of normal controls but when the 
porphyrin values of three of them were found to be higher than the 
completely normal animal 6384 which is not in any way related 
to porphyrinuric animals, we began to doubt if their porphyrin 
values can be regarded as normal. This is most unfortunate as we 
now have values for only one normal animal (6384). Jlowever, we 
hope soon to have results of at least 8 normal animals, which will 
be examined at different times of the year and it.is only when these 
figures are available that we shall be in a position to state what 
the quantitative porphyrin excretion in the normal bovine is. 

Animal 7356 (known carrier) was also examined but as this 
animal had rather a profuse diarrhoea at the time of the examination, 
it is not used for purposes of comparison, as the digestive disturbance 
may possibly influence the values obtained. 

In the case of the suspected porphyrinuric bull 7597 showing 
marked and continuous photosensitization the porphyrin excretion 
in faeces and urine is at a higher level than in the normal animal 
6384 but very much less than in the undoubted pink tooth cases. 
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The ratio of eoproporphyrin I to coproporphyrin III (see Table 
4) in faeces and urine varies from animal to animal. In man 
Grotepass (1938) puts'the average ratio of the I to the III series in 
normal human urine as 90:87. 

Calculating the eoproporphyrin III concentration in the urines 
of 7017 and 7018 excreted during the 18th to the 19th November, 
1937, when the examination was made it amounts to 0*111 mg. per 
100 c.c. and 0*092 mg. per 100 c.c respectively. This is much higher 
than the daily average total coproporphyria concentration of 0*003 
mg. per 100 c.c. in the urine ot the normal animal 0384 (see Table 
0). This suggests that the affected animals excrete increased amounts 
of both copro 1 and copro III, but unfortunately we have not been 
able to establish this definitely as up to now it was not possible to 
determine the presence of these pigments in faeces and urine of a 
sufficient number of noimal bovines when the same animals are 
examined at different peiiods during the year. 


Summary. 

1. In addition to ihe daily tiuetuation in the amount of por¬ 
phyrin excreted, porphyrin was found to le excreted at a higher 
level in two affected animals during the late summer than during 
the early spring. This was found to be due to a greater porphyrin 
concentration in the faeces and urine than to an increased amount 
of faeces or urine. 

2. When quantitative pniphyrin determinations were made over 
a period of 10-14 days and the daily averages calculated, it was 
found that the ratio ot uro- plus eoproporphyrin to coproporphyria to 
uroporphyrin was approximately constant except in one ease, where 
during one period abnormally large amounts ot urine Mere excieted. 

3. The ratio of coproporphyria I to coproporphyrin 111 varies 
from animal, to animal in both the faeces and the urine ot two 
affected animals (7017 and 7018), one suspicious case of the disease 
(7o97) and one apparently normal animal (7022) which is how eve. 
related to congenital porphyrinuria cases. 
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Bovine Congenital Porphyrinuria (Pink Tooth) 
Inherited as a Recessive Character. 


Bv P. J. J. FOUlilE, Section of Hygiene, Onderstepoort. 


Thk first clinical cases of bovine congenital porphyrinuria were 
recorded by Fourie (1930). Towards the end of 1935 the Division of 
Veterinary Services acquired certain grade shorthorn animals from 
the herd in which the condition was found. These animals were 
brought to Onderstepoort with the object of studying (1) the heredi¬ 
tary nature of the condition, (2) the pathogenesis, and (3) the bio¬ 
chemical nature of the excreted porphyrins, etc. However, since 
Ihe condition was recognised in this grade shorthorn herd, three 
further definite eases of pink tooth in bovines were found in the 
Union of South Africa as well as a fourth case in a shorthorn bull 
which is at the present time regarded as a very suspicious case of 
pink tooth. Confirmation of the diagnosis is being awaited pending 
the results of certain breeding experiments which were undertaken. 
These animals fall roughly into four groups, and as such they w T ill 
be discussed from the hereditary point of view. 

Group 1 comprises the Swaziland cases referred to by Fourie, 
1930. Group 2 is the suspected shorthorn bull not yet reported 
in the literature but to which passing reference is made by Fourie 
and Roets (1934) (elsewhere this journal). Group 3 comprises the 
Cedara case reported by Fourie and Rimington (1938). Group 4 
consists of two Friesland heifers (Ladysmith cases) in which the 
Government Veterinary Officer, Mr. Flight, made a clinical diagnosis 
of pink tooth. The diagnosis was confirmed when the urine and faeces 
were examined spectroscopically and revealed typical porphyrin 
bands. 


Group 1.—Thk Swaziland Cases. 

The full history of these cases was given by Fourie (193(>). 
The owner used three shorthorn bulls to improve his herd. When 
calves were produced as a result of the mating of the third bull to 
cows and heifers in the herd the first cases of congenital porphyrinuria 
appeared. The first cases were, therefore, not produced by mating 
father and daughter. When it was realized that the condition may 
possibly be transmitted hereditarily, great pains ware taken to find 
out if the third bull used by the owner was in any way related to 
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the previous bulls. The owner did not know of any such relationship, 
but later when careful enquiries were made it was definitely 
established that the sire of the third bull, and the second bull, were 
out of the same original herd. The third bull is the one which is 
at Onderstepoort and is referred to by Fourie (1936) as No. 7015. 
(See Figure 1.) 



Fig. 1.—The porphyrin carrying hull 7015 (Dr.). 


The sire which was used in the original herd is a bull named 
Royal Regent, E.H.B. No. 122649, and it is assumed that this bull, 
Royal Regent, is the sire of the second bull and that of the sire of 
the third bull (7(115) referred to above. The pedigree of the bull, 
Royal Regent, is:— 4 

Royal Reyeat 


Rosebud 13th by Rosy Monk 93178 Royal Stamp 

(id. War Queen by Centaur 70118 

G.g.d. Roan Rosebud 3rd by 

Pride of Aberdeen 61484 

Roan Rosebud 2nd by 

Gravesend 46461. 

The bull 7015 has normal teeth, his urine does not contum 
porphyrins such us ure present in his descendants, which are clinical 
cases of congenital porphyrinuria and there is no evidence whatso¬ 
ever of photo-sensitization. It was, therefore, concluded that if the 
condition was being transmitted hereditarily, it must be transmitted 
as a recessive character. Breeding experiments were accordingly 
planned in order to prove this one way or the other. 
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Breed inn Experiments with Cattle in order to prove that Bovine 
Congenital Porphyrinuria (Pink Tooth) is transmitted as a 
Iieeessive Hereditary diameter. 

Certain animals which were acquired from Swaziland in Decem¬ 
ber, 1935, formed the nucleus of the animals which were used in 
ihe breeding experiments. The animals so obtained are: the bull 
(No. 7015), two clinically normal cows, being mothers of affected 
animals; three clinically normal heifers (7019, TOIL? 1 and 7022) 
daughters of the bull and four affected animals (3 steers, 7010, 7017, 
and 7018 and one heifer, No. 7023—sons and a daughter of the bull, 
7015. (Fig. 2.) The breeding experiments were actually carried out 
in two parts. 



Fig. 2.—Females of the porphyrin herd with calves born at Onderstepoort. 


In Part 1 the bull 7015 was mated to ten unrelated clinically 
normal heifers. If the bull is a carrier of the recessive character 
he will transmit this character to a portion of his progeny. The 
intention is to mate the bull subsequently to his daughters born out 
of these unrelated females, in an attempt to produce 1 actual cases of 
pink tooth. Unfortunately most of the calves produced are males, 
and the two females are not yet mature, consequently it will take 
some years before the complete results of this experiment will become 
available. In the meantime the bull is becoming an old man and T 
may in the end be forced to complete this part of the breeding experi¬ 
ments with another bull. 

However, up to the present eight normal calves were produced 
by these ten heifers and one calf was aborted as a result of Trichomonas 
foetus infection . All these eight calves are clinically normal and are 
therefore free from pink tooth. This is regarded as strong albeit 
not conclusive evidence that the character is not dominant. (Fig. 3.) 
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Fig. 3.—Unrelated females mated to bull 7015 with calves. 


In the second part the bull was mated to all the females acquired 
from Swaziland. The results obtained are: — 

1. The one old row (7024) calved a few days after she arrived 
here. She herself unfortunately died from acute metritis. The calf, 
a heifer (7029), is clinically normal and it is practically certain that 
her sire is the bull 7015 as this was the only bull the owner used 
at the time. This heifer subsequently was served by her own father 
and produced a clinically normal male calf (7572). (The Pink Tooth 
female 7023 is probably u calf of cow 7024—this is according to the 
owner.) 

2. The other old cow (7020) has contagious abortion and 
although served by bull 7015, never produced a calf at Onderstepoort. 
(The Pink Tooth Ox 7010 is her calf horn in Swaziland.) 

3. Cow 7019. She arrived here as a heifer and her first calf 
(7025) was actually horn in the truck on her way to Onderstepoort. 
She herself is therefore almost certainly a daughter of bull 7015. One 
cannot however accept this as an absolute fact, as under practical 
conditions of farming, it is always possible that a neighbour’s bull 
may sometimes serve a cow, especially on an unfenced farm as is 
the case with the farm concerned in Swaziland. 

Her firsl calf is a heifer (7025). She is clinically normal. Subse¬ 
quently she has been repeatedly served by bull 7015, has however 
never produced a calf and is apparently sterile.. 

Her second calf is a male (7388), is clinically normal and died 
when it was about six months old from sand colic. On post mortem 
examination no evidence of porphyria was present. 

Her third calf is also a male (7678), is now six months old and 
is clinically normal. 
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This cow therefore produced three calves which are all clinically 
normal and the probability is that she is not carrying any porphyrin 
genes. 

4. Cow 7021 arrived here as a heifer. She is almost certainly 
a daughter of bull 7015. 

Her first calf (7357) is a heifer born on the 7th March, 1937. 
The calf's teeth were examined within two hours after it w^as born, 
when its teeth were seen to be of a pink colour. Its urine, however, 
was (dear, wdien it was examined on the 9th March, 1937. It became 
yellowish on standing, but no porphyrin bands were recognized on 
the 9th March, 1937. It, however, contained a small amount of ether 
soluble porphyrin. On the 9th April, 1937, i.e. when it was a month 
old, the urine had a definite pinkish colour. Reference to this case 
was briefly made by Fourie and Rimington (1937), when it w r as 
recorded that the calf passes 7‘7 mgm. coproporphyrin per 100 gm. 
dry weigh! of faeces and about 40 y per 100 ml. in the urine. A 
second heifer calf (7350) born on the same day, and sired by the same 
bull out of another normal daughter, is normal in every respect. 
U excretes 0*41 y coproporphyria per 100 ml. of urine and hut traces 
of this substance, only recognisable fluoroscopic ally in the faeces. 
This is, theiefore, the fiist case of the condition, which I have been 
able to produce under experimentally controlled conditions. This 
is a uniformly red calf (see Fig. 4) and did not show* any evidence 
of photosensitization. On account of the great interest which was 
generally taken in this calf, it was handled rather frequently. The 
mucous membrane of the mouth may in this way have been injured 
mechanically, leaving a portal of entry for the necrosis bacillus and 
when the calf was four months old, it died from calf diphtheria, w*ith 
which was associated ulcerative and necrotic gastroenteritis and com¬ 
mencing pneumonia. On post mortem examination all the bones were 
of a reddish pink colour. 

Her 2 nd calf (7994) was horn in April, 1938. This is a 
clinically normal bull calf. 

Her 3 rd calf *7904) was born in June, 1939, and is a clinically 
normal bull calf. 

The Cow* 7021 is therefore undoubtedly a carrier of the 
porphyrin gene. 

5. Cow 7022 arrived here as a heifer. She is almost certainly a 
daughter of bull 7015. [See Fig. 4(a).] 

Her first calf (7356) was born here on the 7.3.37, and she is 
clinically normal. 

Her 2nd calf (7710) is a heifer, horn on the 18th July, 1938, and 
is clinically normal. 

Her 3rd calf (7941) is a male, born June, 1939. 

This calf was examined within 24 hours after it was born aud 
has teeth of an intensive pink colour. The calf is red in colour. This 
is therefore the second porphyrin calf born out of a clinically normal 
female. However, the sire of this calf is not hull 7015. It is not 
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absolutely certain wlio the sire of this calf is. The eldest of the 
calves born out of unrelated females and sired by bull 7015 is a bull 
calf No. 7446, born on the 22.9.37. This bull calf was kept in the 
same camp as cow 7022 and at the time this cow was served (beginning 
of September, 1938), to produce the porphyrin calf 7941, the bull 
calf 7446 was just about 1 year old. There is therefore just a 



Fig. 4.—(\>w 7021, a carrier (Dr.) with .i porphyrin affected calf 7357 (rr.) both 
mother and daughter sired bv hull 7015. 



Fig. 4a. —Cow 7022, a carrier (Dr.) with a porphyrin affected calf (7941). 
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possibility that this bull calf may be the sire of the porphyrin call' 
7941. If this is the case, the bull calf 7440 must be a carrier (Dr.) 
inheriting the porphyrin gene from his sire 7015. It is, however, 
more likely that the sire is the porphyrin suspect bull 7597 to be 
referred to later. This bull owing to the marked lesions he develops 
when exposed to the sun was only allowed to run with these cows 
during the night, whilst he was stabled during the day. If it is 
his calf final proof will have been furnished that he is a porphyrin 
bull, showing marked photosensitization, without well marked 
discolourisation of the teeth. 

After having given birth to two clinically normal calves sired 
by the carrier bull 7015, it was thought that the cow 7022 may he 
a completely normal animal (1)1)), but after the birth of her third 
calf, she is now definitely classified as a carrier (Dr.). 

(i. Coir 702*1.—When she arrived at Onderstepoort she was a 
young heifer, being the only female shotting clinical symptoms of 
porphyria. She was repeatedly served by the hull 7015, her father, 
and it was at first thought that she may he sterile. She however 
eventually held to a service during the late summer (last week in 
March, 1057), and actually calved on the 50th December, 1057. 

The animal 7025 does not show* vvell marked evidence of 
photosensilization. Sim is a roan. Therefore she possibly lias a 
good deal of pigment in her skin, this may explain the absence 
of lesions of photosensitization, together with the fact that the 
<imount of porphyrin excreted by her is considerably less than that 
excreted by the two worst cases I have, viz. 7017 and 7018.. It is, 
therefore, possible iliai although this animal does not show lesions 
of photosensitization, her photosensitive state, even though this may 
be of a mild degree, may nevertheless result in a ceitnin amount 
of interference with normal conception, especially during the time 
of intense sunshine of midsummer. During the late summer or 
autumn this is not so severe, and this may have been the reason 
why she held to a service during that time. 

Her 1st and only enlf so far was horn on the 50th December, 
1957. She could not calve normally. I had to deliver the calf. 
It was a dorso-sacral presentation with lateral deviation of the head. 
When this was corrected the calf was delivered without difficulty. 
The tongue was, however, very markedly swoollen and protruding 
from the mouth and the calf did not breathe. Artificial respiration 
was practised and eventually breathing commenced. The calf could 
not stand, it was slung in a bag, with four holes for the legs and 
fed by bottle. It drank readily, but its head and its neck was never 
normally straight. Tt could bear weight on the bind legs, but not 
on the forelegs. In spite of nursing this calf very carefully it died 
after ten days. Its inability to stand was put down to an injury of 
the neck during birth. The teeth of the calf were not markedly 
discoloured, but on post mortem examination all the bones were 
found to be of a uniform pink discolouration. This calf, therefore, 
is the third case of porphyria produced under experimentally 
controlled conditions. 
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Evidence of the Kecessive Nature of the Inherited Character . 

It* the character were dominant one would expect clinical 
evidence of the condition in one of the parents or in a proportion 
of the first generation progeny of one parent, when mated to an 
unrelated animal. There is no evidence that this lias occurred. 
When the bull 7015 was mated to ten unrelated heifers the condition 
was absent in the 8 calves which were born out of these females. 
It is true that the first cases of the condition appeared in the first 
generation when the bull was used on the Swaziland farm. If the 
females to which the bull was mated are unrelated to the bull, one 
could not exclude the possibility that the character may be partially 
dominant, but I have not the slightest hesitation in accepting the 
owners word that the second bull* he used was out of the same 
herd as the third bull 7015. From this it is assumed that the bull 
was being mated to related females. 

The evidence which favours the conclusion that the character 
is recessive is : 

(1) The bull transmitting the condition is himself clinically 
normal. 

(2) Under practical farming conditions a proportion of cases 
appeared when the bull, himself clinically normal, was 
mated to clinically normal females, which were, however, 
related to him through a previous common ancestry. 

(3) Under experimentally controlled conditions three cases 
of the condition were produced (I) by mating the bull 
to his own daughter, she herself being clinically normal, 
(2) by mating him to another daughter showing clinical 
evidence of pink tooth, and (8) by mating a daughter 
(7022) of the bull 7015, to either one of bis sons (7446) 
or to another porphyrin bull 7597. 

• 

It is hoped in due course to produce final conclusive proof that 
the character is a recessive one by mating an affected bull to affected 
females, when all the progeny must be affected cases. But it will 
probably take a good many years before this can be done. It will 
have been oliserved that no attempt has been made to discuss the 
percentage incidence of pink tooth in these breeding experiments. 
Clearly these experiments have not yet reached a stage which would 
justify a discussion of the percentage incidence. This is of 
importance in determining whether the character is a simple 
recessive or otherwise. It is somewhat doubtful, if one w'ould be 
justified on economic grounds, to maintain sufficient animals, merely 
to prove this point. 

If the character is a simple recessive, the transmission occurs 
as follows:—1) represents the normal gene in so far as the abnormal 
character is concerned and r represents the abnormal gene. A 


# This bull, long since dead, was not a registered animal and therefore no 
pedigree is available. 
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completely normal animal in so far as bovine congenital porphyri¬ 
nuria is concerned will have a genetic constitution of 1)1), a carrier 
animal Dr and the affected animal rr. Mating now the carrier bull 
7015 (Dr) to a completely normal animal (DD), the possibilities 
are DD, DD, Dr, Dr. Thus 50 per cent, of the cases will 
be completely normal and 50 per cent, will be carriers. In mating 
a carrier animal (Dr) to another carrier animal the possibilities are: 
DD, Dr, Dr, and rr. Thus 25 per cent, of the progeny will he 
completely normal, 50 per cent, will be carriers and 25 per cent, will 
be affected cases. 

In mating a normal animal to an affected animal, all the progeny 
must be carriers (Dr) and when mating affected eases all the progeny 
must he affected cases (rr). 

Up to the time this Swaziland herd was found nothing was known 
concerning the hereditary nature of congenital porphyrinuria m 
animals. In referring to congenital porphyrinuria and other 
anomalies in man (furred (1023) states that “ if the lack of a special 
enzyme be in each instance the underlying factoi. it is to be expected 
that they should behave as Mendelian recessive characters. 

Cockayne (1033) believes one form of congenital porphyrinuria 
in man to be a recessive disorder due to a single gene, with an 
unexplained partial limitation to the male sex and another form 
to be dominant. 

The question now arises as to whether this character must he 
regarded as an inherited lethal character. In accordance with the 
definition of lethal characters given by Hull (1034) that “ all 
hereditary conditions causing premature death must be classified as 
lethal regardless of the age at which they are effective M , it seems 
to me that the lecessive inherited character of bovine congenital 
porphyrinuria must also be regarded as lethal. 

It is true that most of the symptoms which develop in bovines 
are due to photosensitization, when the animals are kept under 
natural conditions, as a result of which they become exposed to the 
sun. However, one does meet with cases which do not seem to 
thrive even though they are protected against the harmful rays of 
the sun. 1 have at the moment two oxen (7017 and 7018) under 
experimental observation. Animal 7017 excretes somewhat more 
porphyrins than animal 7018. When both are protected against the 
sun by stabling, animal 7018 puts on weight and looks a magnificent 
animal; 7017, on the other hand, is not in good condition. It would 
seem, therefore, that in the case of ox 7017, the presence of the 
porphyrins may have a general harmful effect. It is, of course, not 
possible to say that this animal is otherwise completely normal. The 
animal has however, been tested and found to he negative for 
tuberculosis and there is no clinical evidence of any other 
abnormality. Both these animals have at the moment rather 
puzzling red counts when they were examined haematologically 
during February, 1038. 7018 had 7*0 million red cells per c.inm., 

and 7017 had 5 0 millions per c.mm. In August, 1938, 7018 had a 
count of 50 million and 7017 of 5 0 million. In December, 1938, 
7018 had 4*4 million and 7017 3-7 million cells per e.nmi. 
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The animals are admittedly being kept under rather abnormal 
conditions. They do not gel any exercise at all and green food is 
not regularly available. If this may be a factor which is at present 
influencing the blood picture is not definitely known. 

Fouric (193(>) pointed out that the cases of congenital bovine 
porphyrinuria occurs in the male in 77 per cent. of cases. Tn man also 
the great majority of cases are males. It would seem as if there 
may be a partial sex limitation in this condition, but it is certainly 
not sex linked in the ordinary way, as in South Africa five cases 
in heifers are known. 

Group 2.—Shorthorn Hull 7597. 

This bull was briefly referred to by Fourie and Itoets (1939). 
This is an animal showing marked lesions of photosensitization. 
When the skin lesions were first seen, their cause was not known to 
the farmer and no attempt was made to protect the animal against 
the sun. The lesions were therefore of an acute nature. There is 
marked reddening and in places more or less raw surfaces are exposed. 
The lesions are very extensive occurring on the skin of the back and 
extending over large arcus of the thorax on each side. (See Fig. 5.) 



Fig. 5.—The suspected bull 7597 shewing lesions of photosensitization. 


The teeth of the animal are, however, not discoloured, or if 
there is discolouration of the teeth this is so slight that one cannot 
recognise it definitely when examining the teeth in the ordinary way 
with the naked eye. Well marked discolouration of the urine is also 
absent. The porphyrin excretion in the faeces is on a low level, as 
compared with the affected cases in Group 1, but definitely higher 
than in other bovines which are clinically normal. [Total daily 
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porphyrin in cases in (houp 1: 7010, *3 gin.; 7017, 1*0 gm.; 701 cS, 
*8 gm.; bull 7097, 11*298 mgm; clinically normal bovines vary 
from 3 mgm. to 8 9 mgm., but the animal which has 8 9 mgm. is 
re luted to porphyrin animals (see Group 1, No. 7022) J. Uroporphyrin 
could not be found in the urine and at this stage it is not clear if 
the absence of the uroporphyrin may explain the absence of discolou¬ 
ration of the teeth and the urine. 

When I heard that a certain farmer had this animal showing skin 
lesions and when I heard that this was a shorthorn bull, it was natural 
to look for a common ancestry between this animal and the Swaziland 
shorthorn bull, No. 701b. Knowing that bull 701b was bred in a 
herd in which the imported bull Koval Kegent was used as a sire, 
1 wrote to the owner of bull 7597 and amongst others I asked him 
if this bull had any Royal Regent blood in him. He replied that 
the sire of the bull is Fairview Royal Kegent IT. This seemed very 
satisfactory as it was inferred that “ Royal Kegent ” in the name 
Fairview Royal Kegent IV, must be evidence of some relationship 
between tliis bull and the imported bull, Royal Kegent. In consulting 
the herd hook in order to confirm this it was immediately seen that 
the bull, Fairview Royal Kegent IV, was sited by another imported 
bull, Pitsford Abbot 232000. Consequently there is no South African 
relationship between him and the bull Royal Regent. It was there¬ 
fore necessary to make a painstaking search for any common ancestry 
by consulting the shorthorn herd books. The results of this exami¬ 
nation are: — 

Ancestry of Fairview Koval Kegent IV (8307) 


t 

Bullechin Roan Rose bv 
Victor Chief 82532 

g.d. Scottish Rosebud by 
Scottish Archer 59893 

ggd. Red Rosebud 1st by (rrttrexetitl 40401 
Red Rosebud by Borough Member 33180, 
Rosebud by Novelist 34929, 

Rosebud 1st (1879) by Diphthong 17081 (1800). 
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Pitsford Abbot 232600 
Hick ford Raider 175474 
Collynie Royal Regent 148043 
Masterstroke 120820 
Max of Clunie 112487 
Douglas Commodore 105250 
Jim Sidey 99230 (1907) 

Avondale 94085 (1905) 
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The first common ancestor between the bulls Royal Regent and 
Fair view Royal Regent IV therefore is the bull Gravesend 46461. 
If we, however, work backwards from Rosebud 1st we find: 

Rosebud 1st is the dam of Rosebud by Sir Christopher. 

Rosebud is the dam of Roan Rosebud by Borough Member. 

Roan Rosebud is the dam of Roan Rosebud 2nd by Gravesend 
46461. 

Roan Rosebud 2nd is the dam of Roan Rosebud 3rd by Pride 
of Aberdeen 61484. 

This establishes a further common ancestry between the two 
bulls. This will be clearly seen if reference is made to the pedigree 
of the bull Royal Regent already recorded earlier on. 

The bull Royal Regent is four generations removed from the bull 
Gravesend and the bull Fairview Royal Regent is some 12 generations 
removed from the bull Gravesend and 14 generations from the cow 
Rosebud the 1st. 

It is very interesting to be able to establish this common ancestry 
and it is of course possible that the recessive porphyrin gene may 
have been successfully transmitted through all those generations. 
It is, however, no proof that any of these ancestors were affected 
cases (rr) or even carriers (Dr) of the porphyrin gene. In a breed 
like the shorthorn or any pure breed of cattle, it is obvious that one 
must eventually arrive at a common ancestor for any two animals if 
one goes back far enough. All that one can say is that this common 
ancestry may afford a possible clue of the manner in which the 
porphyrin gene has been transmitted. In this connection one should 
also bear in mind that there is no definite evidence that the bull 
Royal Regent 122649 is a carrier (Dr.) of the porphyrin gene. He 
is implicated by inference, as the porphyrin carrier bull 7015 and 
the bull which was previously used In the Swaziland herd were out 
of the same original herd in which the bull Royal Regent was used 
as a sire. 

Tf the bull Royal Regent and the bull Fairview Royal Regent IV 
actually did inherit the recessive gene from a remote common 
ancestor one is here faced with a most extraordinary coincidence in 
that this rare anomaly was introduced into South Africa along two 
separate but related blood lines and that in the case of the Royal 
Regent blood line clinical cases appeared as a result of accidental 
close breeding. The dam of bull 7597 is not a registered cow and 
up to the present I have not been able to find out where she may have 
obtained the recessive character. 

“ Royal Regent ” in the name Fairview Royal Regent IV was 
used because of the relationship of the bull to its ancestor Collynie 
Royal Regent—but “ Royal Regent M in Collynie Royal Regent, I 
am told is pure coincidence and was not deliberately used to indicate 
a relationship between the bulls Royal Regent and Collynie Royal 
Regent. 
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Groups 8 and 4. The Cedar a Case and the Ladysmith Casks. 

The Cedura ease was described by Fourie and Rimington (1938;. 
Flight (1988) described the occurrence of the condition in two heifers 
(Ladysmith cases). T am indebted to him for a personal communica¬ 
tion concerning their history. A clinically normal registered 
Friesland Bull Kamnatie Charles was used as a sire in the Ladysmith 
area for a number of years. He sometimes served his own daughters. 
The two affected heifers are his granddaughters, out of his own 
daughters. Both the dams are clinically normal. Those of his other 
descendants which were available for examination were found to be 
clinically normal. A full sister of one of the affected heifers is also 
clinically normal. These cases constitute further evidence of the 
recessive nature of the character. (See Fig. (J.) 



Fig. 6.—The CVdara case (rr.) with well grown calf (Dr.). 


It would be surprising if one cannot establish a common ancestry, 
by a careful study of the ancestors of the Cedara case and that of the 
Ladysmith cases as both these are Frieslands. This indeed is the 
case, and here also, as in the case of the two shorthorn groups, the 
common ancestry may possibly indicate how the recessive character 
has been transmitted, but one cannot accept it as proof that that is 
the case. The common ancestor is the bull Albert 18()f> H . He is five 
generations removed from the Cedara ease (rr) and four generations 
from the carrier bull Kamnatie Charles (Dr) both on the sire and the 
dam side of the dam (l)e Goede Lanste) of the bull Kamnatie Charles. 

Alberta in the name of the bull Alberta Roland does not 
necessarily indicate Albert 1306 H blood. Alberta is merely a prefix 
used by a particular breeder. This common ancestor may or may 
not contain the recessive porphyrin carrying gene. Should one get 
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other cases in which the Albert blood shows up so prominently one 
would have reasonable grounds for suspecting it as the carrier of 
this abnormal factor. 

The ancestry of the Cedara case is: — 

Cedara Ria 4th No. 177—Cedara case— 


Cedara Bia 2nd No. 113 Cedara Joe 


Cedara Jetzke 2nd Nelsrust Commodore 2nd 1707 

__ __ _J_ 

Ogden Hull Alherta Nelsrust Beatty 2nd 

Akke III 1902 Albert II 1247 

119/266 F.R.S.K. 

Akke H Albert 1306H 

The extended pedigree of the bull Kamnatie Charles, kindly 
supplied by the Secretary of the Friesland Breeders Association, 
Bloemfontein, is: — 
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At the present time there is this extraordinary fuel, that bovine 
congenital porphyrinuria has been found in four different groups 
of cattle in South Africa. (For the moment I am assuming that 
bull 759? i* a genuine case of the condition In the absence of 
reliable standards of quantitative porphyrin excretion in a sufficient 
number of normal animals, the final proof must be furnished by 
breeding experiments, already commenced, unless, of course, this bull 
should prove to be sterile, an eventuality which is not unlikely.) Two 
of the groups are shorthorns, in which it has been possible to establish 
a common ancestry, albeit a remote one. The other two groups 
are Friesland* and here a common ancestry appears within the first 
five generations. Although this is the case, a conclusion at this 
stage that the common ancestor is the carrier of the porphyrin 
gene in the groups of shorthorn* and Friesland* concerned is 
premature. 

It is, however, very remarkable that so many of these cases 
should be found in South Africa and not in the parent stock in 
Great Britain and Holland. My own opinion is that there are 
certain to be cases in those countries, but they remain unrecognised. 
By saying this I do not mean to convey that veterinarians in South 
Africa are better or more accurate observers than their colleagues 
in Great Britain and Holland, but the reason almost certainly is 
to be tonnd in the difference of climate in South Africa and that of 
Holland and Great Britain. In South Africa the intense sunshine 
throughout the year is responsible for marked lesions which develop 
because of the photosensitization in the porphyrin animal, and also 
for the fact that such animals do not thrive. Such abnormalities 
force the owner to seek professional advice, whereas in Europe, the 
lack of intense sunshine will not produce lesions and dirtturlmnc.es 
to the extent they are seen in South Africa and the cases may, 
therefore, never be brought to the notice of veterinaiinns in those 
countries. 


Si' \l \f VIIY AM) (Vvei.l SIOVK. 

1. In mating a bull (7015), being a carrier of the porphyrin 
gene (Dr) to ten unrelated heifers. 8 calves were produced. These 
are all clinically normal. This is regarded as evidence that the 
inherited character is not. dominant. 

2. In mating bull 7015 (Dr) to his own daughters the results 
are (o) 7019 had 0 normal calves. 7019 is therefore probably a DD. 

(b) 7021 had 2 calves. The first calf suffered from congenital 
porphyrinuria. The second calf is normal. She is therefore a 
carrier (Dr). 

(c) 7022 had 8 calves, two are normal, the 8rd is a case of 
pinktooth. She is therefore undoubtedly a carrier (Dr). 

(d) 7028 is an affected heifer (it). She bad one calf, also ail 
affected case. 
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(e) 7024 is not a daughter, hut related to bull 7015 through her 
own sire. She had one affected calf, 7023, and one normal calf 
7029. This normal calf was mated to her own father (bull 7015) 
and a normal calf was produced. 7024 is therefore a carrier (Dr) 
and her calf 7029 may be either completely normal (DD) or a 
carrier (Dr). 

These results indicate that bovine congenital porphyrinuria is 
inherited as a recessive character. 

3. The recessive character was probably introduced into the 

Swaziland herd by bull No. 2 used by the owner. This bull w*as 

apparently never used on this own daughters and as the character 
is not dominant, no cases were seen in that herd during the time 

of his reign. The 3rd bull, No. 7015 was bred out of the same 

herd as bull No. 2. They were therefore related and probably 
inherited the recessive character from the same sire, the hull Royal 
Regent. Bull 7015, was therefore mated to related females and 
within a relatively short time, 13 cases of the condition were observed 
in that herd, whilst the bull 7015 was being used as a sire. 

(4) When the Friesland bull Kamnatie Charles was inbred to 

his own daughters two cases of the condition were observed. This 

bull is therefore a carrier (Dr). He is related to a grade Friesland 

cow, suffering from the condition (rr) (Oedara Case). 
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Notes on the Determination of the Fibre 
Fineness of a Merino Wool Sample. 

Hy V. HOKMAN and (*. M. VAN WYK. Kw-tiou of Wool 
Besoareli, 1 )nderstepoort. 


Tin*; teclini«|u<» adopted in South Africa for determining the* fibre 
fineness of a sample of wool, although essentially that described by 
Duerdcn (1929). lias certain modifications which are here outlined. 

In the piesent conliilmtion it is intended 1o deal with the method 
of preparing a wool sample tor mount in# and with its measurement. 
The results deal in# with the samplin# of the merino fleece, both 
on and oil the li\e sheep, will lie dealt with in another paper. 


PlM:r\K VIlON OF THE SaMI’LK FOH Moi’XTINCJ. 

( a) l*relnninaiy dcyicasinij of sam/de. The greasy sample is 
washed in cold benzene so as to renmxe most of the impurities. The 
ether method of mixing is subsequently used and this removes the 
lesidual impurities. 

(h) The culhny oj the fibres fitr mi.rinij. —(Win# to the 
variability in fibre fineness along the length of fibies, it is necessary 
that an average of several points along the fibre bundle be taken, 
for which purpose the method described by Duerdcn (1929) is being 
used. If consists in either cutting the sample into fragments along 
the entire length of the fibre bundle, or else, removing the fragments 
at equal infeivals of approximately a { inch along the length. Malan. 
Carter and van Wyk (1938) showed that there was no difference 
between the two methods in the case of a small sample which was 
cut at three points and also along its entire length. 

Methods for cutting the fragments have also been investigated 
and those of other workers tested. Wildman (1936), Wildinan and 
Daniels (1937) and later Malan, Carter and van Wyk (1938) gripped 
the fibre bundles between strips of paper. Huberty (1938) described 
a method of cutting fragments with a razor blade, a method which 
it is claimed, results in shorter and more uniform fragments. This 
method was tested and it was found difficult to cut, with a single 

401 



DETERMINATION OF FIBRE FINENESS OF MERINO WOOL. 


stroke, all the fragments from one region, an essential condition in 
the case of raw wool, as will be clear from the following 
considerations. 

It has been shown (Bosnian, 1937), that such factors as differen¬ 
ces in the plane of nutrition of the sheep, period of lactation of the 
ewe, etc., can cause marked differences in the fibre fineness of .different 
regions of the staple. Where fragments are therefore removed at 
equall intervals from the staple, care is necessary to ensure that all 
regions contribute the same number of fragments to the total. 

After the fragments have been cut at intervals, they can quite 
easily be clipped into shorter pieces with the aid of a pair of finely 
pointed scissors, but for raw wool this method has the disadvantage 
that the originally cut longer fragments probably contribute a 
greater proportion of smaller fragments to the total than do the 
shorter original fragments, and, if longer fragments are cut in any 
special region, the result is biassed in favour of that region. If, with 
Huberty’s method it is not possible to cut the ultimate fragments 
for mounting with a single stroke of the razor blade so as to ensure 
an equal number of fragments from each region, the method is not 
suitable for raw wool. 

In routine practice, the method of gripping the wool bundle 
between the fore-finger and thumb has given very good results and 
the method has been adopted for general use in our laboratories. 
With practice, and the necessary care, routine assistants are able 
to use this method to better advantage than lias been the case with 
other methods. It has also been found that uniform short fragments 
give a better mixture than do the uneven longer ones and very good 
lesudts have been obtained with a little training. Slides made by 
this method have shown an even fibre distribution without any fibre 
clusters on the slide. 

There is a limit to the shortness of cutting the length of fibre 
fragments, since the scissors distort the ends of the fragments. It 
has been found that fibre lengths of from J to ^ millimeter can be 
cut with ease and give satisfactory results. 

The objection to this method, that several fragments from the 
same fibre are included and consequently that the same fibre may be 
measured more often than once, has been investigated. It was found 
that the bundle contains many thousands of fibres while the number 
of points at which fragments are taken seldom exceeds 10, so that 
the chance of measuring the same fibre more often than once is 
exceedingly small. 

Mounting the Fragments for Measurement. 

The cut fragments are transferred to a test tube of about 2 cm. 
diameter and 6 cm. deep containing ether. The fibres are shaken, 
giving a uniform dispersion of fragments which are allowed to settle. 
Successive clumps, taken at random by finely pointed forceps are 
placed in row's on a black cardboard where tne ether is allowed to 
evaporate. 
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A thin layer of Euparal mounting medium* (which has been 
found to be superior to other mounting media such as Canada Balsam, 
Cedar wood oil, etc.), is spread on a glass slide and the clumps of 
fragments, taken at random from the cardboard, stirred by the aid 
of dissecting needles, into the Euparal until the fragments are well 
distributed. 

A cover slip is finally pressed down over the slide, excess Euparal 
being removed at the edges of the cover slip by means of blotting 
paper. A few fragments of fibres are removed with the excess Euparal, 
but the remainder is sufficiently representative of the original. With 
practice it is possible to use just the right amount of Euparal for a 
minimum loss of fibre fragments and also for a complete absence of 
air bubbles in the slide. 

The question as to whether successive clumps of fragments taken 
from the test tube are similar, has been tested. Each successive 
(dump that was placed on the cardboard, was mounted on a slide and 
measurements taken. The results are summarised in Tables 1 and 2. 

Tabu: 1. 

The Fibre Fairness of successive Clumps taken from the 
Ether Test Tube. 


; Mean Fibre 

Clump No. i Fineness. 

P 

1 . 17 - 45 

2 . 1 17-55 

3 . 17-76 

4 . , 17*69 

5 . ; 17-52 

6 . ! 17-81 

7 . - 17-68 

8 . 17-97 

0. 17-51 

10. i 17-32 

20. 18-13 

30 . 18-11 

40. 17-98 

50. 17-97 


Tabue 2. 


Variance. j Standard Dev. | Log? S.l). | Z. 


Between slides. \ 2-0215 I -7041") ] -2659 

I ! [ <«i « i3) 

Within slides.. | 1-5503 j -4382J (n 8 = 3486) 


* The Technical Committee of the International Wool Textile Organisation 
at its 1939 meeting decided that for routine purposes not requiring the pre¬ 
paration of permanent slides, cedarwood oil was preferable. 

This aspect has, however, been carefully investigated in our laboratories 
and it has been found that for studies of wool from production aspects, such 
as in breeding experiments and others, where permanent slides for reference 
purposes are essential, the use of Euparal is preferred. Furthermore, cedarwood 
oil does not give the same clear fibre outline as Euparal. 
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According to Fisher, the analysis of variance indicates no signi¬ 
ficant difference between the variances between and within slides. 
The fact that several (dumps, taken at random, made up one slide, 
justifies this method of preparing slides. 

An alternative method of mounting fibres was described by 
Malan, Garter and van Wyk (1938). The fragments were mixed in 
ether in a shallow dish, excess ether was poured off and the remaining 
ether allowed to evaporate. Clumps of dry fibres were shaken out 
by tapping the cut fragments over the slide that had a thin layer of 
Euparal. Another thin layer of Euparal was then placed on the 
cover slip which was pressed down over the slide. It. was found that, 
by this method, fragments of fibres were prevented from being forced 
out with excess of Euparal. 

While this method gave satisfactory results, it has not found 
favour in our laboratories, the reasou being that dry fibres are 
difficult to handle this way, and there is a possibility that the lighter, 
finer fibres may be blown away during the tapping process. 

Humidity. 

All slides are mounted in a room maintained at constant 
humidity and temperature, and in this way variations due to 
swelling of the fibres are eliminated. Tests were, however, made for 
conditions outside the Constant Humidity Chamber, so as to be 
applicable for cases where the controlled conditions were not avail¬ 
able. The test, carried out over a period of 19 days, consisted of 
cutting up a sample of wool into fragments and mixing in ether. 
Clumps of fragments were placed on a black cardboard and dried in 
a desiccator for a few days. The clumps of fibres were then placed 
in a room where the relative humidity was determined at intervals 
by a whirling hygrometer. Two slides were prepared from the frag¬ 
ments at different humidities and, as a check on the moisture content, 
a standard sample, which had been washed in ether, was weighed in 
proximity to the fragments. The results are given in Table 3. 


Table 3. 




Mean 

Regain of 

Relative Humidity. 

Temperature. 

Fineness 

Standard 



(**'• 

Sample. 

Per cent. 


1 

1 

1 Per cent. 

13. 

32° C. 

20-4 

| 6-8 

18. 

27° 0. 

20-2 

! 8-6 

30. 

29° 0. 

20-0 

1 9-6 

60. 

26° C. 

20 -r> 

12*8 

70. 

21° C. 

20-6 

162 

76. 

22° C. 

20-8 

169 

SO. 

22° C. 

21 0 

17-9 


The difference between the values at 13 per cent, and 18 per 
cent. R.H. is not significant but the difference between the values 
at 13 per cent, and 30 per cent. R.H. is just significant at the 5 per 
cent, probability level. Such irregularities may be ascribed to 
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several causes, such as the large variations in temperature, the fact 
that some humidities were reached under adsorption conditions and 
others under desorption conditions, and the lag in taking up or 
losing moisture at each humidity. The results show the necessity 
for preparing the slides under controlled conditions. 


The Influence of Ether. 

It has been stated by Daniels (1938) that the values obtained 
from permanent slides made from ether and Euparal were 
consistently lower than those made from cedar oil, and this was 
attributed to the contraction of the fibres by ether. 

A series of tests, using different treatments and mounting media, 
was therefore carried out. 

A sample was cut into fragments which were mixed in ether. 
Fibre clumps were withdrawn from the mixture and laid on a black 
cardboard in the usual way. When the ether had evaporated, every 
second clump was placed in a test tube containing distilled water. 
The fragments were mixed and shaken in water until all had been 
thoroughly wetted. Clumps were then withdrawn and laid on a 
card. Both sets of clumps, the ones mixed in ether only and the ones 
mixed in ether and water, were placed in a desiccator for 24 hours 
and then exposed to an atmosphere of constant humidity aud tempera¬ 
ture. Slides were made of each set of clumps, using Euparal, for 
the measurement of 500 fibres from each set. This procedure was 
followed with two samples, the results being summarised in Table 4. 

Table 4. 


! 

Mean Fineness ( fi ). I 


Sample. 

Mixed in 
j Ether. 

1 

i Mixed in j 
Ether and 
. washed in 
Water. j 

Difference I 

w- 

S.E. of 

Diff- (/*)• 

I 

« Diff./ 
S.E. of Diff. 

1. 

. | 20*012 

19-732 | 

0-280 

.. 0-2385 

1-174 

•* 

17-292 

17152 

9-140 

' 0-1852 

0-756 


The values obtained from fibres mixed in ether are not signifi¬ 
cantly different from those mixed in ether and water (when n-^dOO). 

A further series of tests based on 15 pairs of slides, in which 
some fragments had been mixed in ether only and some in water 
only, was carried out. The results are summarised in Table 5. 

Table 5. 


Mean Fibre fineness of slides. I 
- P - j Difference. 

Mixed in Ether, i Mixed in Water. ; 


S.E. of Diff. 


‘t M . 


20*696 


20411 


0*285 


± 0*075 


3*80 
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These results show a significant difference between the fibres 
mixed in ether and those mixed in water. It is shown that the fibres 
mixed in ether are 1 per cent, thicker than those mixed in water and 
it appears that the ether caused the fibres to swell. 

Tests were also made on fibres mounted in cedar wood oil and 
those mounted in Euparal. The results are given in Table fi. 


Table 6. 



Mean Fibre Fineness {(i). 

j 



Treatment. 

Mounted 

in 

Euparal. 

i 

Mounted 
in Cedar 
Wood Oil. 

Difference. 

8.E. of 
Difference. 

“ t ”. 

Mixed in ether.... 

20-696 

20-40G 

0-290 

± 0-1201 

2*84 

Mixed in water.... 

1 

20-411 

20-281 

0-130 

± 0-0576 

2*26 


In both cases the fibres mounted in Euparal gave significantly 
higher values than those mounted in Cedar wood oil, the difference 
again being of the order of 1 per cent. These figures also suggest 
that, when slides are made with fibres mixed in ether and mounted in 
Euparal, the results are about 2 per cent, higher than those mixed 
in water and mounted in Cedar wood oil. In all these tests the 
fibres were dried in a desiccator before being exposed to the constant 
humidity conditions, so that swelling took place under conditions of 
adsorption. 

The Measurement of the Fibres. 

The measurements were made on Zeiss Lanameters. The magni¬ 
fication on the screen of each instrument was found to vary from the 
centre outwards and it was necessary to use only an area that could 
be accurately standardised. A circle of radius 4 cm. was drawn in 
the centre of the screen, the magnification of fibres falling within 
this circle being adjusted to exactly 500. In routine measurements 
only fibres lying within this circle are measured. 

Each slide containing the wool fragments is systematically read 
in the manner Bhown in Figure A. Dotted lines represent the regions 
where fibres^ are measured while arrows indicate the direction in 
which the slide is moved* 


Fig. A. 
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There are ten regions of measurement and one tenth of the 
desired number of readings are taken in each region. By this method 
measurements art* made over the whole slide. 

As a cheek on the uniformil.\ of the distribution of the frag¬ 
ments over the slide, the results are recorded in successive groups of 
25 measurements. 

An analysis ot variance is made comparing the variance between 
groups of 25 with the variance within groups of 25. Cases which 
occurred in a sampling experiment during the measurement of 10 
slides are shown in Table 7. 


Table 7. 


Comparison of Variance between and within Groups of 25 Headings. 





i 

- 




Case 1 . 

l 

Cask 2. j Case 3. 

(’ask 4. 

Cask 5. 

Variance. 

1 >.F. 

.Mean 

Square. 

Mean | Mean 
Square, j Square. 

Mean 

Square. 

" 

Mean 

Square. 

Between groups « »i 25 readings.. 

99 | 

•1-8411 1 

4-1002 | 3-6678 

4-0997 

4-5157 

Within groups ot 25 readings... 

2.400 ; 

4-3629 

4-1076 1 4-3512 

3-9925 

4-2757 

Totai. 

, 2,499 i 

I 

4-3722 

4-1073 | 4-3241 

3-9907 

4-2852 


These results show that the fineness distribution of the 
fragments over the slide is satisfactory. 

In routine practice, duplicate slides are usually made and half 
the total number of readings taken from each slide. The difference 
between the slides has to conform to the demands of statistical theory. 

The Xcmheh ok Imbues Mkasvukjj. 

Since the number of measurements necessary from any one 
sample depends on the variability within the sample, the statistical 
constants serve as a guide for determining the number of measure¬ 
ments to be made. It has been shown that for Merino wool, 25U 
measurements are generally sufficient to bring the pei mi risible error 
to within d per cent, of the mean and although many of the samples 
need less than 250 measurements, it is simpler and quicker to measure 
250 straight off than to measure a number less than this for a preli¬ 
minary statistical test. 

The procedure thus is to measure 250 fibres on all Merino 
samples and then work out the statistical constants. Tt is very 
seldom that more than this number need to he measured. 

A convenient chart (Fig. B) showing the relationships between 
the statistical constants and the number of fibres necessary for 
measurement is used and has proved very valuable for routine work. 
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The Hitman Element among Observers. 

Serious differences have been noticed among different observers, 
and special investigations on this aspect have been undertaken in 
our laboratories. It has been observed that although differences 
among observers are often constant, they are not necessarily always 
so. 

Three sets of slides measured by four observers are here sum¬ 
marised, each observer measuring 125 fibres from each slide. 

The results are given in Tables 8 and 9. 


Table 8. 

Mean Fibre Fineness (/a). 



i 


Observers. 




A. 

B. 

1 

<!. j 

i). 

1st Set (26 slides). 


18-84 

j 18*46 

18*70 

18*69 

2nd Sot (43 slides). 

. 

27*14 

20*67 

27*31 

27*04 

3rd Set (30 slides). 

.i 

23*02 

| 22*82 - 

23*92 

i 

23*05 

i 


Table 9. 

Differences between Observers A, C and D (in /x). 


B. | C. 1>. 


A. 1st Set. j 0 38 ± 0-0807 j 0 08 ± 0*0061 0*15 ± 0*0765 

A. 2nd Set. ' 0*47 ± 0 0942 1-0-17 ± 0*1194 0*10 ± 0-1242 

A. 3rd Set. ' 0*80 ± 0*0847 j-0*30 ± 0*0599 -0*03 ± 0-0533 


B. 1st Set. j ! — 0*30 ± 0*0676 j 0 23 ± 0*0709 

B. 2nd Set. - 0*64 ± 0*1263 1 - 0*37 ± 0*1280 

B. 3rd Set. f -1 10 ± 0*0954 i -0 83 ± 0-0794 


C. 1st Set. j | 0-07 ± 0*0496 

C. 2nd Set. ! ! , 0*27 ± 0*0921 

O. 3rd Set. | ' 1 0*27 ± 0-0450 


Significant differences are in black type. 

The results show that there are significant differences between 
observers except between A and D, where the differences are not 
significant. It is also shown that the differences are not constant. 

An important fact, that was also established, is that, when slides 
are measured continuously without the observers having a change on 
to some other work and without a periodic check on the observers, 
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serious differences can develop. It is shown in the tables that, in 
general, there is a tendency for difference between observers to be 
greater in the third set of slides except between observers A and D. 
A closer study of the results has led to the conclusion that a lack of 
concentration developed during the reading of the third set. This 
was largely attributed to the factor of fatigue. 

Special tests were also made on the systematic differences 
between observers. A hundred synthetic fibres were mounted parallel 
across the slide and the four observers were made to measure the 
hundred fibres carefully at the same spots. The averages of three 
such sets of readings, each taken at a different level of the slide, are 
summarised in Table 10. 


Table 10. 

Difference;s between Observers on Standard Slides (in p). 



B. 

<\ 


n. 


i - 1 - 0-261 

_ 

0-041 


j- 0-281 


A. 

0 >0*04 

- 014 

► —0-12 

f 0-06 

> t-0-11 


- 015 J 

- 0-27^ 


- 0-02^ 

1 


- 0-221 


- 0-02" 

I 

B. 


- 0-14 

U0-16 

1 0-08 

^+0-00 



- 0-12 J 

i | 

I 0-13J 

f 




i 

+ 0-201 


C. 




-J- 0-20 

^+0-22 





+ 0-25 J 



The results of Table 10 show that the differences between 
observers were small and insignificant and a closer study of the 
observers showed that differences to a large degree depended on the 
fact that, when the edges of the fibres, presented for measurement, 
fell midway between the scale divisions on the lanameter, judgment 
as to which division the measurement belonged, differed among 
individuals. Such differences may possibly be reduced by the use of 
smaller scale divisions ami larger magnifications, but then in the 
case of Merino wool this would tend to make measurements more 
difficult because of the serrated edge of the wool fibres. 

In order to minimise differences between observers in our 
department dealing with fibre fineness measurements, a system was 
introduced whereby all measurements were made by pairs of 
observers, one of the pair taking half the required number of 
readings on a slide, while the other enters the readings, the pairs 
being chosen in such a way that the averages of the measurements of 
each individual of the pair counterbalances differences between the 
pair It was found that the effect of the factor of fatigue was con¬ 
siderably reduced by each pair measuring the 125 readings in turn. 
Frequent intervals of rest are also prescribed in the form of changes 
to some other type of work. 
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The results now obtained from different pairs of assistants are 
very satisfactory, differences among 1 observers being reduced to a 
minimum. 

The results of 42 slides are given in Table 11. 


Table 11. 

Differences between Observers—Averages of 42 Slides (in /a). 


1 

1 

B. 

1 (< 

1 

D. 

1 

A. 

- 0 030 ± 0 0737 

- 0 015 Jr 0-033 

-t 0-093 ± 0-0657 

B. 

] + 0 015 i- 0-0691 

f* 0123 ± 0-0879 

i 

1 

+ 0-108 ± 0-0693 


i 


These differences are below the possible error due to sampling. 
The system whereby pairs of observers take measurements of the 
same slide serves as a check on the observers and a system of entry 
of the results has been instituted whereby the results can be sum¬ 
marised at a glance. 

In addition, duplicate slides are usually made of the same lot 
of fragments and it was found that, when one observer of a rair 
makes half the required number of measurements from one slide and 
the other observer the remainder on the other slide, the making of 
the slides as well as the observers are under control. 


The Weight-length Method of determining Fibre Fineness. 

It has been suggested (Wilsdon, 1938) that in cases where errors 
are likely to occur between the measurements of different observers, 
the weight-length method should be used for arbitration purposes. 

A comprehensive set of tests was carried out on samples ot 
Merino wool for ascertaining the relative merits of the weight-length 
method and the projection or microscope method. 

The following conclusions were arrived at: — 

1. The weight-length method depends on determinations of fibre 
length as straight fibre length. In this respect tests have shown that 
different observers obtain different results on the same sample of 
wool and even on the same fibres, due to a personal element. Because 
of this the weight-length method cannot be said to be more reliable 
than the projection method. 

2. In the weight-length method (Roberts, 1930) it is assumed 
that the specific gravity of all wool is constant at 1*30. It has, 
however, been found that there is a variation of 1-3 per cent, in the 
specific gravity of South African wool (van Wyk and Nel, 1939). 
On a Merino wool, therefore, with a fibre fineness of 20/a, errors of 
up to 0* 14/a may accrue from the assumption that all wool has the 
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same specific gravity. The weight-length method is, therefore, at a 
disadvantage unless the specific gravity of each sample analysed, 
is also determined. This, however, is impracticable. 

3. All wool samples do not adsorb moisture to the same degree 
•(van Wyk, 19(19) hence the use of a standard sample for dry weight 
determinations will give rise to error. 

4. The weight-length method gives a weight-biassed result 
(.Roberts, 1930) while the microscopic or projection method gives a 
length-biassed result (Wildman, 1930) and it has been found that 
the two methods do not give the same measurement. 

The weight-length method is bused on the dry fineness of the 
fibres when the dry weight is obtained. Determinations on 56 Merino 
wool samples by the two methods showed that the microscopic method 
gave values which were 5 per cent, higher than those obtained by 
the weight-length method, the latter being on the dry weight basis. 
This difference is presumably due to the swelling of the fibres with 
adsorption of moisture. 

Tf the weight used is based on a certain humidity and tempera¬ 
ture, errors will be introduced by differences in the specific gravity, 
moisture adsorption and swelling of the different types of wool, 
factors wdiioh have to be controlled where extreme accuracy is needed. 

5. In the case of Merino wool the average weight of a fibre from 
a 3-inch staple is about 04 milligrams. This necessitates the 
counting of a large number of fibres for the weight-length determina¬ 
tions, to ensure any degree of accuracy in the weighing. 


Kl'MMARY. 

The technique for determining, the fibre fineness of a sample of 
wool as used in South Africa is outlined. 

The methods of cutting the fibre bundle into fragments and the 
mounting of these on a slide are described. 

• The effect of relative humidity during the preparation of the 
slide shows the necessity for controlled moisture and temperature 
conditions. 

The effect of the ether used for mixing the wool fragments and 
the Euparal mounting medium are described. 

The method of measurement, the system of recording the results 
and the number of fibres to be measured in Merino wool are recorded. 

The question of the personal errors of different observers has been 
studied. The differences between observers are not necessarily con¬ 
stant, the factor of fatigue being of special importance. Methods for 
reducing these errors to a minimum are described. 

The weight-length method for determining fibre fineness, 
suggested for arbitration purposes, is discussed and difficulties 
peculiar to this method are enumerated. 
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PRENATAL GROWTH IN THE MERINO SHEEP. 


CHAPTER 1.—INTRODUCTION. 

/ Object op Work. 

That growth during the foetal period does not differ qualitatively 
from that subsequent to birth is the view generally accepted. It is 
maintained that, in spite of its greatly varying rates and its change 
of directum from progressive during the developmental period to 
regressive during senescence, growth is one continuous process 
starting with fertilization of the ovum and ceasing with death of 
the individual. The progressive part of the cycle is “ divided by 
the incident of birth into pre- and postnatal periods '* (Arey, 1931). 
When it is considered how readily the latter period lends itself 
to investigation, it is not surprising to find that much work has 
been carried out in this connection. Reference to Brody et <tl (192G) 
or to Hammond (1932) will give an idea of the extent, of the available 
literature. 

In direct contrast to this wealth of material is the paucity of 
information regarding the prenatal phase of development. What 
knowledge does exist lias been gained in snulies mostly on small 
laboratory animals, such as the rat (Stotsenberg, 1915), the mouse 
(MacDowell et ail , 1927), and the guinea-pig (Draper, 1920). In 
general the results of this work have confirmed the thesis of 
continuity of the growth curve. However, MacDowell and his 
associates believe that on account of qualitative differences in growth 
during the earliest stages, age for the purpose of growth 
curves should be calculated from the time of formation of the 
“ embryo proper ”. 

For man and the domestic mammals there is a lack of extensive 
and reliable data. That such work on the human being presents 
well nigh insurmountable difficulties is only too readily understood. 
A brief indication of the complexity of the problem is given by 
Mall (1910). Not being bound by, the same ethical laws as his 
medical colleague, the worker in the veterinary field encounters but 
one major obstacle—the brake of economic considerations. To 
expand on the seriousness of this problem would merely be labouring 
the point. Therefore, it is apparent that any work which aims at 
making available additional material advances greatly the facilities 
for the investigation of prenatal growth. 

Scattered throughout the veterinary literature are isolated 
references to weights and dimensions of small numbers of foetuses 
of known or assumed ages. Due to the diversity of conditions under 
which the observations were made and the almost general lack of 
accurate definition of procedure, these figures cannot be employed 
in the compilation of one comprehensive table. 

In this field most workers have avoided committing themselves 
as to the age of their material. Invariably they have relied upon 
either length or weight as . an indication of age-sequence. 
Consideration of breed and individual variability will show that 
such criteria are apt to give misleading results. Especially would 
this be the case where the material is Obtained from such an 
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uncontrolled source as a public abattoir. A further disadvantage 
of this procedure, exposed by Lowrey (1911), is that in the. absence 
of data regarding age, absolute growth-rates cannot be given. The 
worker has to content himself with expressing growth of systems 
and organs relative to body weight. 

The existence of adequate ageing standards would make available 
for studies on prenatal growth the abundance of material always 
obtainable at large abattoirs. As a result of the work to be reported 
in this paper, there is now available at Onderstepoort a complete 
series of accurately aged ovine foetuses. By direct comparison with 
this standard unknown foetuses are aged with a fair degree of 
accuracy. 

The very nature of this standard, excellent as it is, militates 
against the extension of its sphere of usefulness beyond local limits. 
The primary object of this paper is to place this standard at the 
disposal of workers farther afield. It is hoped that this aim will 
be achieved by the publication of a partly descriptive and partly 
statistical study of those features of the collection which appear to 
be of importance in age determination. 

As the development of the foetus is intimately connected with 
changes in the maternal genitalia, organs of lactation and endocrine 
glands, all these aspects of the reproductive process have received 
attention and will be considered in this paper. In some instances, 
it is felt, the numbers of observations are too limited to allow of 
definite conclusions. Nevertheless, the figures are given in the hope 
that, with appropriate additions by other investigators, eventually 
a large mass of data will be accumulated. 

In connection with the literature it must be pointed out that 
every effort has been made to avoid what may be termed “ second¬ 
hand n quotations. However, where it has been impossible to obtain 
the original article in this country, it is felt that recourse to such 
quotation is preferable to losing entirely a useful reference. 
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CHAPTER 2.—REVIEW OF LITERATURE. 

A search of the literature has emphasised the meagreness of 
authoritative knowledge of prenatal growth of domesticated mammals. 
Much of the available knowledge is contained in works of which 
foetal development was not the primary consideration. In such cases 
the information, being merely incidental, received but scant atten¬ 
tion. This literature is, to some extent, supplemented by studies on 
small laboratory mammals, in which the general principles of growth 
are apparently similar to those in larger mammals. 

For the sake of clarity the literature will be treated under head¬ 
ings corresponding with those to be employed in the consideration of 
the experimental data. 

( a) Genital Tract and Placenta. 

1. Vagina. 

Anatomists differ as to the nomenclature of that portion of the 
female genital tract situated posteriorly to the cervix. The English 
school refers to the portion between the cervix and the external 
urethral opening as the vagina. Everything posterior to this is called 
the vulva. In German works this latter part is further divided into 
the vestibulum vaginae, which constitutes the major portion, while 
the term vulva is restricted to the external opening of the urogenital 
sinus. In this work the German teaching will be followed, except 
for the fact that vestibulum and vagina will be taken together and 
will he referred to as “ vagina 

Sisson (1927) found that the vagina of the sheep has a length of 
between 10*5 and 11 cm. He states that the labiae of the vulva are 
thick and firm and that the ventral commissure is prominent. 

From a consideration of the anatomical situation of the vagina 
it would appear that, after having served as a portal of entry for 
the sperm, this structure does not again participate in the reproduc¬ 
tive process until the approach of parturition, when it dilates to 
allow of birth. On account of its relative unimportance this organ 
does not receive attention in embryologies! texts. However, it seems 
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obvious that during* the period of pregnancy certain changes must 
occur and that the purport of these must be to render the vagiua 
a larger and more easily distensible organ. 

It has long been noted that with the approach of term there 
is an enlargement and a relaxation of the vulva. Craig* (11112) and 
Williams (1917) refer to the soft and flabby nature of this organ 
prior to parturition. JTammond (1927) states that k ‘ just prior to 
parturition the vulva and the vagina become red and swollen." While 
studying parturition in the mare, Holzgruber (1925) observed that 
these changes are recognisable as long as three weeks prior to the 
birth of the foal. 

Hammond (1927) finds that the vaginal pregnancy changes 
resemble closely those of the oestral cycle. They are mostly of a 
microscopic nature. In the anterior half of the vagina the changes 
are similar to those of the adjacent portion of the cervix. In this 
portion of the vagina is found a fair amount of sticky mucous 
material. Oppermun (1922) states that during pregnancy the vaginal 
wall has a dry and sticky feel. 

2. Cerrir. 

In the ruminsint the cervix is an extremely well-developed struc¬ 
ture, with walls that aie thick, dense and inelastic (KUenberger & 
Baum, 1921). The cervix of the sheep has a length of about 4 cm. and 
its lumen is practically obliterated by reciprocal prominences and 
depressions of the mucous membrane (Sisson, 1927). Trautmaim 
(1917) also indicates that in this species the uterine seal is well- 
developed. The presence of such a seal during pregnancy is men¬ 
tioned by many authors. For the cow, Williams (1917) gives details 
of the eranio-caudal development of the mucous plug. Woodman and 
Hammond (1925) show’ how* in the bovine the actual quantity of 
mucous material increases steadily throughout pregnancy. There can 
be no doubt, that this accumulation of mucus effectively closes the 
uterine canal during the major part of the gestation period. 

In dealing with the physiology of parturition Craig (1912) stales 
that there is a softening and a loosening of the cervical walls “ a 
few r days prior to parturition. v Zeiger (1908) shows that there is also 
an enlargement of the cervical canal towards the end of pregnancy. 
In the bovine he finds that by the end of the seventh month the canal 
is sufficiently open to allow’ of the introduction of one finger. 
Hammond (1927) is of opinion that, apart from sealing off the uterus, 
the steady accumulation of mucus in the cervix assists in the dilation 
of this structure. 


3. Uterine Body and Horns. 

The uterus of the sheep is bicornuate. According to Sisson (1927) 
each horn has a length of from 10 to 12 cm. As a result of the 
gradual tapering of the anterior extremities of the cornua there 
is no definitely discernible external, landmark indicative of the exact 
point of junction of the horn with the Fallopian tube. Posteriorly 
the two horns unite to form the body. The arrangement of the peri¬ 
toneal covering makes this undivided portion appear longer than it 
is. The approximate length of the body is 2 cm. 
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Roux (1936) gives the weight of the uterus of the non-grayid 
Merino sheep as varying between 15 “5 and 77*5 gm. He deals with 
eight groups of sheep, some of which, having been fed on low level 
rations, were in very poor condition. In these latter sheep the 
extremely low uterine weights were encountered. Although he does 
not find it possible to demonstrate a definite correlation between the 
weight of the ewe and the weight of its uterus, Roux nevertheless 
concludes that nutrition does exert an influence on uterine develop¬ 
ment. It is not possible to determine to what extent previous preg¬ 
nancies might have affected the figures given by him. 

Favilli (1928) gives the weight of the ovine uterus as varying 
between 40 gm. in virgin ewes, and 65 gm. in previously pregnant 
sheep. His observations, having been made in the slaughter-house, 
are not likely to represent poor conditioned sheep. This might explain 
the absence of figures as low as those mentioned by Roux. Favilli 
gives the weight of the uterus at term as 1,010 gm. This figure 
appears somewhat high and in a later publication (Favilli, 1929), 
it is stated that such a figure is obtained in cases of twin pregnancies. 
With a single foetus the figure is about 600 gm. Favilli (1928) quotes 
figures to show that similar increases in uterine weight occur in the 
bovine. Malan and Curson (1937) present figures for the weight of the 
empty uterus at the end of each month of pregnancy. These show 
that there is a steady increase in the weight of the organ from about 
60 gm. up to about 700 gm. 

ltorik (1907) shows that in the bovine there is a definite increase 
in the weight of the uterus during pregnancy. During the first half 
of pregnancy this increase is most marked. What few figures are 
given by Hilty (1908) seem to support this view. Hammond (1927) 
obtains his figures from heifers pregnant for the first time, thus 
eliminating the effects of previous gestations. These figures show 
that by the end of the period the non-gravid weight of the uterus has 
increased almost twentyfold. 

Figures for the pig (Stegmann, 1928) show that by the end of 
the thirteenth week of pregnancy the non-gravid weight of the uterus 
has been doubled. 

Draper (1920) gives a complete series of weights for the guinea- 
pig uterus throughout pregnancy. These figures indicate that the 
growth curve of the uterus is of double parabolic nature, i.e. first 
slow, then increasing rapidly and later slowing down again. This 
type of curve had already been suggested by the figures quoted above 
for the bovine and the sheep. 

In all these cases it is the weight of the empty uterus that has 
been considered. This figure is the sum of the weights of the uterine 
wall and of the placenta. As will be seen later, the placenta under¬ 
goes a great deal of growth during pregnancy and it exhibits its 
own type of curve. It is evident, therefore, that the weight of the 
empty uterus is influenced greatly by the inclusion of the placenta. 
In the ruminant it is an easy matter to separate the placenta from the 
Uterine wall and thus obtain the weight of the latter alone. However, 
no such figures appear to be available. 
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As might be expected, the increase in weight of the uterus is 
accompanied by an increase in size. For the sheep Favilli (1928) 
shows that the area of the uterus increases from less than 100 sq. cm. 
in the non-gravid state to almost 1,000 sq. cm. at the end of gestation. 
He also demonstrates (1929) that there is a steady daily increase 
of the volume of the uterus. Stegmann (1920) shows that in the pig 
the length of the uterine horn becomes increased during pregnancy. 

Favilli (1928) maintains that the increase in size of the uterus 
is brought about not only by a multiplication of muscle fibres, but 
by the enlargement of existing fibres. He gives measurements in 
support of this view. Hammond (1927) also mentions this point 
and indicates that during pregnancy the uterine muscle appeals 
sparsely nucleated—an indication of the enormous increase in the 
cyptoplasm of the cells. 

Favilli (1929) diaws attention to the decrease of the thickness 
of the uterine wall during pregnancy. From the fact that the 
greatest reduction occurs fairly early during gestation he concludes 
that passive stretching is not the sole cause of the thinning. He 
states that, due to the even distribution of pressure in the liquid 
contents of the uterus, the thinning is spread evenly throughout 
the uterine wall. In the goat the non-gravid thickness of 8 mm. 
is reduced to 15 mm. near term (/eiger, 1908). This author main¬ 
tains that the reduction is greater iu the pregnant horn “ where the 
pressure is higher.” Hilty (1908) demonstrates similar reductions in 
the case of the bovine. 

Further information regarding the effects of pregnancy upon 
the uterus may be obtained from comparisons between virgin and 
involuted uteri. For the sheep Behne (1929) finds that the effect 
of pregnancy is to increase enormously the blood and lymph vessels. 
Not only is there an increase in size, but also in number. The 
elastic coats of there vessels are greatly thickened. For the goat 
similar results are reported by Hackeschmidt (1920;. The changes 
in the structure of the bovine uterus, observed by Kraft (1923), 
resemble closely those of the sheep (Behne). Kraft finds that the 
microscopic picture of the involuted uterus is so typical as to allow 
of immediate diagnosis of a previous pregnancy. Sommer (1912), 
also dealing with the bovine, makes the statement that after 
pregnancy the uterus never regains its virgin state. The weight 
of the uterus becomes permanently increased in the approximate ratio 
of 2 ; 1. He maintains that as a result of previous pregnancy there 
may be an inequality in the size of the two uterine horns. In the 
pig Stegmann (1923) gives the weight ratio between virgin and 
involuted uteri as 1 ; 2. Ttiehter (193G) agrees that this is so 
when average figures are considered, but he maintains that in indivi¬ 
dual cases there is much overlapping. He finds that a definite 
diagnosis of previous pregnancy can be made from the enormous 
thickening of the elastica interna of the mucosal arteries, from the 
tortuous course of the uterine rami of the middle uterine artery and 
from the thickened, translucent appearance of the ligamenta lata. 

A further important uterine change associated with pregnancy 
is the increase in the blood supply. The increase in the vascular 
bed of the uterus has already been mentioned. Barcroft and Rothschild 
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(1932) have determined the actual amounts of blood present in the 
rabbit uterus at different stages of gestation. In the resting state 
the organ contains about 2 c.em. of blood. From the fifth day the 
uterus shows an increased vascularity and by mid-term the content 
has reached 10 c.cm. From now onwards the embryos begin to grow 
rapidly and the blood content of the uterus increases at a similar 
rate until the maximum of 30 c.cm. is reached at the 27th day. Just 
prior to parturition there is a rapid diminution in the blood content 
of the uterus. That this increase in vascular content is not due 
to simple stagnation of blood is shown by Barcroft, Herkel and Hill 
(1933). They prove that there is a corresponding increase in blood- 
flow to the uterus and that this process anticipates foetal growth. 
The increase in size and pulsation of the middle uterine artery, 
mentioned by Williams (1921), is well known as a means of diagnosing 
pregnancy in the cow. Ilammond (1927) also mentions these points, 
although his observation was limited to one cow well advanced in 
pregnancy. 

From the above it is evident that during pregnancy the weight 
of the uterus is greatly increased due to the presence of more muscular 
tissue, enlarged and multiplied vascular tissue and increased blood- 
content. In addition it is seen that in part these changes persist 
after parturition, and that any resting uterus can on morphological 
grounds be assigned to one of two groups—virgin or involuted, in 
comparing uteri the existence of these two classes must be borne in 
mind. Especially in the non-gravid and early pregnant stages will 
the differences be of importance. Later in pregnancy these class 
differences will tend to he obscured by the changes induced by the 
existing pregnancy. 

Some workers have considered the weight of the gravid uterus. 
This is of interest in that it gives the weight of the entire foetal 
system. Knowledge of the growth in weight of this system is useful 
in the study of growth or fattening of pregnant animals—it allows 
of a correction being made for foetal material. In the bovine Bartlett 
(1926b) has studied this matter* from a different angle and has con¬ 
structed a table giving the weight of the cow at each stage of 
pregnancy relative to her furrow weight. 

For the sheep Curson and Malan Q936) tabulate the weight of the 
gravid uterus from 3 to 149 days. The increase is from 163 gm. to 
3,700 gm. It must be pointed out that the high value at 3 days is 
due to the authors haying included under “ gravid uterus M the 
vagina, vulva, tubes, ligaments and ovaries. In a further study 
(Malan and Curson, 1937) the weight at 30 days is found to be approxi¬ 
mately 130 gm., while the weight near term is given as 5,320 and 
6*058 gm. The authors express the weight of the gravid uterus as a 
percentage of the nett body weight (i.e. total body weight of ewe 
less the weight of the gravid uterus) of the ewe, and then these values 
are plotted against gestation age. The result is a parabolic curve 
for which a fairly simple formula is given. 

Bergmann’s (1922) figures indicate that in the bovine the weight 
of the gravid uterus increases fifty-fold between the second and 
the tenth months. The increase is more rapid in the later months, 
hence the data would fit a curve similar to that given for the sheep. 
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Bergmann makes the statement that from the weight of the gravid 
uterus, foetal age may be determined with as much accuracy as 
from the weight or the length of the foetus itself. According to 
Hammond’s (1927) figures for the bovine the increase of the gravid 
uterus from the beginning of pregnancy till the approach of partu¬ 
rition is one hundred-fold. 

Brodermann (1921), dealing with the sow, maintains that the 
weight of the gravid uterus is very variable. Contributing causes to 
this variability are previous pregnancies, the number of foetuses 
and the amount of fluid present. 

For the guinea-pig Draper (1920) presents figures which indicate 
that the position here is approximately similar to that already 
described for the sheep. 


4. Placenta. 

The sheep has a cotyledonary placenta —-semiplacenta multiplex — 
(Zeitschmann, 1923). The cotyledons are made up of two parts, 
maternal and foetal. In the sheep the maternal cotyledon is concave 
and encloses the foetal component. In the non-gravid uterus the 
cotyledons are exceedingly small and can he recognised merely as 
small circular elevations on the surface of the uterine mucosa. During 
oestrum they appear to be somewhat more prominent. Ellenberger 
and Baum (1921) state the total number of cotyledons in the sheep to 
he between 88 and 96, arranged in each horn in four longitudinal 
rows. 

By Assheton (1905) the diameter of the ovine cotyledon at 60 
days’ pregnancy is given as about 2 cm., while at full term the 
figure lies between 2 5 and 3 cm. Natural-size illustrations of the 
sheep's cotyledon at inid-teim given by Zeitschmann (1923) indicate 
that at this stage the diameter lies between 2 and 3 era. It is evident 
that the small cotyledon of the non-gravid uterus must undergo 
enormous growth during pregnancy. These few figures suggest that 
the major portion of this growth occurs during the first half of 
gestation. In the bovine the growth of the placenta has received 
some attention. ltorik (1907) records the weight of the placenta at 
7 weeks as 12 gm. and at 26 weeks as 5,200 gm. From his figures 
there does not seem to be any further increase after this stage. 
He shows how the ratio of foetal to placental weight widens with 
the advance of gestation. The area of the placental surface increases 
from 0 04 sq. metres at 7 weeks to 45-25 sq. metres at 31 weeks. 
Hilty (1908) traces the increase in size of the largest cotyledon. 
The diameter increases from 0*6 cm. in the virgin uterus to 7*8 
cm. at the 26th week, after which the increase, if any, is only very 
slight. Similar results are reported for the increase m height of 
the cotyledon and in the length of its peduncle. 

The idea of rapid enlargement of the placenta during the first 
part of pregnancy, followed by a period of little or no change, is 
supported by the figures for the rabbit given by Lochhead and 
Cramer (1908). Here placental weight is shown to increase rapidly 
up to the 22nd day, after which it remains stationary ajjart from 
a slight decrease at the approach of term. For the guinea-pig Draper 
(1920) supplies some data. Unfortunately foetal membranes and 
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placenta are grouped together, hence the use of the figures here is 
open to criticism. Nevertheless, Draper’s graph shows a period 
of rapid increase followed by a period of little development. 

In the bovine the number of functional cotyledons has been con¬ 
sidered. Rorik (1907) reports wide variations in the total number 
of cotyledons—70 to 120. He shows that the number in the horn 
bearing the foetus is always in excess of that in the other horn, 
sometimes by as much as 150 per cent. He encountered accessory 
cotyledons in one-third of his cases. The presence of these was not 
necessarily associated with a diminished number of true cotyledons. 
Bergmann (1922) also reports n preponderance of functional cotyle¬ 
dons in the gravid horn. By counting the numbers of cotyledonary 
attachments he concludes that in the gravid horn no more attachments 
occur after the second month, whereas in the non-gravid horn these 
continue to be formed until the end of the third month. 

The mode of attachment of foetal to maternal cotyledons has 
been studied by Assheton (1905). In the sheep the first attack upon 
the maternal uterine mucosa occurs between the 17th and 18th days 
postcoitvm. At this stage the attachment is most frail, the membranes 
being held in position mainly by the pressuie of the foetal fluids. 
At about the 30th day villi appear on the chorionic surface, resulting 
in a closer attachment. At the 44th day the foetal cotyledons are 
visible and have convex free surface which fit into the concavities 
of the maternal cotyledons. Assheton states that by the 78th day 
the general character of the fully formed placenta is apparent and 
that from this time the only change is a slight increase in size. 
He also mentions the presence of large reddish-black coagula in the 
centres of the fully formed cotyledons. 

5. Fallopian Tubes. 

In the sheep the uterine tube has a length of 14 to 1(> cm. 
(Ellenberger and Baum, 1921). The gradual merging of the tube with 
the horn of the uterus has already been mentioned. Lee (1929) 
maintains that in most mammals there is a more-or-less well-developed 
valve at this junction. The sheep is not specifically mentioned, nor 
is it implied that the junction is always readily recognised from the 
exterior. 

In none of the standard embryological or obstetrical textbooks 
is any mention made of specific pregnancy changes in the Fallopian 
tubes. Bergmann (1922) concludes that pregnancy has no influence 
on the length of the tubes. Lambert (1928) states that in the horse, 
the bovine, the cat and the dog he has found, associated with 
gestation, extensive vascularization of the tubes accompanied by 
hypertrophy of connective and muscular tissue and a distinct increase 
of elastic tissue. 


(b) Foetal Membranes and Fluids. 

1. Membranes . 

The formation and the appearance of the foetal membranes of 
the ruminant are well described by Zeitschmann (1923). He shows 
that there are two sacs, the inner being the allanto-amnion and the 
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outer the allanto-chorion. Like Craig (1912), Zeitschmann states 
that early in pregnancy the outer sac increases rapidly and soon 
comes to fill the entire uterine cavity. Meanwhile the inner sac 
has remained relatively small, investing the foetus closely. Later 
on the amniotic sac expands rapidly and soon it occupies a large 
portion of the chorionic space, practically obliterating the central 
part of the sac. At this stage the concentric arrangement of the 
two sacs is not very evident and the appearance is more that of a 
large amnio-allanto-chorionic sac with two allanto-chorionic appen¬ 
dages—one at either pole. These latter two sacs retain their 
communication with each other and with the umbilical infundi¬ 
bulum. This relationship is well indicated in a sketch given by 
Bailey and Miller (1921). 

The appearance of the ovine foetal sacs is described by Assheton 
(1905). He shows how at 14 days post-coitum the blastocyst has 
extended the full length of both uterine horns. At this stage the 
membrane is very frail, is transparent and absolutely colourless. 
Unfortunately he does not trace the further development of the 
membranes to show at what rate these delicate sacs grow T into -the 
relatively large structures which come away as the afterbirth of the 
ewe. Malan and Curson (1937) give figures for the weight of the 
membranes during pregnancy. These show that the total weight 
increases steadily throughout the period, although this increase is 
not shared equally by the two components. The allanto-chorion is 
shown to undergo little or no increase after the second month, while 
the allanto-amnion increases steadily for four months, after which 
the rate of increase declines. 

The weights of the membranes at different stages of gestation 
in the bovine are recorded by Itorik (1907) and by Hammond (1927). 
From these sources it is seen that just prioi to parturition the mem¬ 
branes have attained more than 1,500 times their weight at the end 
of the first month of pregnancy. In addition Hammond’s figures show 
that the membranes grow at a steady rate throughout the period. 

The fact that Draper (1920) has included the weight of the 
placenta in his figures for the membranes of the guinea-pig, renders 
these data rather unsatisfactory. However, if it is assumed that 
during the second half of pregnancy the increase in weight of the 
placenta becomes negligible, then Draper’s graph would tend to 
indicate a steady growth of membranes throughout pregnancy. 
Hammond (1937) deals with the foetal placenta and membranes of the 
rabbit. His graph shows that there is considerable increase in these 
structures and that a fairly steady rate of growth is maintained 
throughout the period of gestation. 

2. Fluids. 

Needham (1931) gives a summary of most of the available know¬ 
ledge on the foetal fluids. Most of the researches quoted by him are 
spasmodic investigations on isolated chemical constituents of the 
fluids. For the purpose of an inquiry into the origin of the foetal 
fluids Paton, Watson and Kerr (1907) selected the sheep as their 
subject “ because, in this species, both fluids are present in relatively 
large quantities throughout the entire foetal period ”. The figures 
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supplied by the authors bear out this statement. Moreover, they 
show that both fluids undergo changes in physical and chemical 
properties with the advance of gestation, while at the same stage of 
pregnancy the two fluids differ. Malan and Curson (1937) show that, 
in the sheep, the total amount of fluid increases steadily with 
advancing foetal age. They find that the allantoic fluid shows little 
increase during the first three months, to which period the increase 
in the amount of amniotic fluid is mainly confined. Zeitschmann 
(1923) gives the amount of fluid at parturition as between 50 and 
450 ce. for the allantoic and between 150 and 400 ce. for the amniotic. 

For the bovine Uergmann (1922) shows that the quantity of 
foetal fluid increases rapidly during the first half of pregnancy, 
while later this increase is much less. Hammond (1927) indicates 
that during the first half of pregnancy the increase in weight of the 
foetal system is due mainly to the accumulation of fluid, w'hereas 
towards the end of the term it is accounted for almost exclusively 
by foetal growth. Uergmann finds that what increase does occur 
after the fifth month concerns mainly the allantoic fluid. The latter 
fluid is present in greater amount than the amniotic. Zeitschmann 
(1923) asserts that the ratio at full term is 3:1 in favour of the 
amniotic fluid. 

Hammond (1927) draws attention to the fact that cessation of 
increase of the foetal fluids and inception of secretory activity of 
the mammary gland both occur at about the fifth foetal month. 
He suggests that this may be significant, and no mere coincidence. 
In the case of the rabbit (Hammond, 1937) it is also seen that there 
is a steady increase in the amount of fluid up to the 24th day, after 
which there is absorption of fluid, so that at birth only a few drops 
remain. The absorption is active on the part of the foetus itself, 
but the decrease in amount tends to indicate a cessation of fluid 
formation. If this is so, then in this species too there is apparently 
some correlation between mammary secretory activity and inhibition 
of foetal fluid formation. , 

In the guinea-pig Draper finds that the amount of amniotic 
fluid when plotted against gestation time gives a double curve, 
indicating at first an increasing rate of formation and later a decrease 
in this rate. Until the middle of the period of gestation the amniotic 
fluid weight exceeds that of the foetus. Afterwards the foetal weight 
is the greater, and the ratio between it and the amniotic weight 
becomes wider with the advance of pregnancy. 

(c) The Foetus. 

1. Foetal Age . 

Although MacDowell et al (1927) speak of foetal age as distinct 
from age of the zygote, most workers use the terra as indicative 
of the total age of the organism, from the time of fertilization 
of the ovum until the moment of death or examination of the foetus 
(Arey, 1931). In most cases it can be assumed that the time of 
death of the foetus coincides with that of the expiry of the mother. 
Especially is this the case where the mother is perfectly healthy 
right up to the time of slaughter. In the human being, where 
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available knowledge is not sufficient to allow of accurate determina¬ 
tion of the time of fertilization, such terms as “ copulation age ’’ 
and “ menstrual age 99 have been introduced. Neither of these 
gives the true foetal age. 

In order to be able to determine the exact time of fertilization 
it is essential to know the time of ovulation, the rate at which the 
sperm traverses the female genital tract and the vitality of both 
ovum and spenn in the uterine passages. As a result of the investi¬ 
gations of Quinlan and his co-workers (11K11 and 19^2) a detailed 
knowledge of all these factors in the Merino sheep is available. 
They have shown that ovulation occurs at about the 30<h hour after 
the onset of oestrum, and that the unfertilized ovum soon loses its 
vitality. The male sex cell reaches the Fallopian tube, in which 
fertilization occurs, within six hours of copulation, uhile it retains 
its vitality for from 12 to about Wi hours. If, therefore, service 
lias been allowed at such times during oestrum as to ensure a large 
number of active sperms being available in the tube at the time of 
ovulation, then it may be taken that fertilization occurs without 
delay i.e. at about the JlOth hour after the onset of “ heat M . 

The methods of determining the onset of oestrum and of 
calculating foetal age will be considered in the following chapter. 

2 . Factors Affecting Growth of the Foetus. 

In dealing with foetal growth it is essential that due 
consideration he given those factors which may influence development 
of the foetus. Where possible these factors should be controlled. 
Failing this they should at least be borne in mind in the inter¬ 
pretation of results. On consulting the literature one finds that in 
nearly all cases birth-weight lias been the criterion as to whether a 
factor has influenced foetal growth. Under these circumstances, 
therefore, even after the influence of a certain factor has been 
established, there is still the difficulty of not knowing whether this 
influence was exerted with equal force throughout the entire 
prenatal period or whether it had been intensified at certain stages. 

The painstaking efforts of MacDowell and his collaborators to 
ensure pure strains and absolute accuracy in ageing have failed to 
eliminate considerable variation in the weights of foetuses of identical 
age. No doubt the causes of such variations are highly complex and 
only by the most extensive research could they be checked with 
accuracy. Even to attempt a detailed discussion of this problem is far 
beyond the scope of this work, hence hut a few of the more obvious 
points will he mentioned. 

Firstly, material influences may be considered: — 

Breed and Strain. 

To elaborate on the differences in size and conformation 
encountered in different breeds and strains of the same species, would 
be superfluous. It is shown by Fitch, McGilliard and Drurnrn (1924), 
that not only is there a difference in birth-weight in four milk breeds, 
but that the ratio of calf to maternal weight also differs. This 
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indicates that the birth-weight differences cannot be regarded merely 
as proportional increases or decreases according to maternal size. 
In a detailed study of two closely related strains of albino rats 
Freudenberg (1932) shows that apart from differences in body weight, 
there are present, even at birth, distinct differences in organ 
weight-ratio. 

These few comments should suffice to demonstrate that in studies 
on prenatal growth it is essential that material be drawn not only 
from the same breed but also, as far as is possible, from the same 
strain. 

Size and Condition. 

His observations on both pure- and cross-bred sheep lead .Russel 
(1919) to state that in nearly every case is size of the lamb deter¬ 
mined by size of the ewe. Humphrey and Kleinhenz (1908) maintain 
that large ewes produce lambs heavier than those from small ewes. 
Hammond (1932) mentions a crossing experiment at the University 
College, North Wales. Welsh ewes were bred to Border-Leicester 
and to Southdown ranis. Although the former rams are large 
animals, ewes served by them lambed with only very little more 
trouble than did those bred to the Southdowns. For the rat, King 
(1915) states that as the weight of the mother increases, so does the 
birth-weight of her young become greater. However, as in the rat 
weight and age are correlated, it is possible that the greater maturity 
of the heavier females played some part in her investigations. 

Hammond (1932) points out that the maternal influence over 
foetal development is twofold—genetic and nutritional. He shows 
that in a favourable season, during which the fcwes were in good 
condition prior to lambing, the bii-th-weights were high. Further, 
when ewes were divided according to condition into good, medium 
and poor groups, it w r as found # that the average birth-weights 
followed the same order. The difference between the first two groups 
was much less than that between the medium and the poor groups. 
It appears that improvement in condition beyond a certain stage is 
not reflected in the birth-weights of the offspring from such ewes. 
In fact it is found by Quinlan and Roux (1936) that extremely fat 
cows produce very light calves. This finding is in accordance with 
the results of Eckles (1919 and 1920). The latter concludes that, in 
the cow, nutrition of the mother has but little influence on the size 
of the calf at birth. Donald and McLean (1935) state that “ increase 
in birth-weight as the lambing season advances is due to improve¬ 
ment in the condition of the ew T es 99 . Apparently they contend that 
an improvement in the condition of the mother is rapidly 
communicated to the foetus. Hammond (1932) stresses the 
necessity for providing pregnant ewes with good feeding for six 
weeks prior to lambing. He may, however, be more concerned 
with procuring a good milk-supply subsequent to parturition than 
with actually producing a heavier lamb at birth. 

Eckles (1919 and 20) and Fitch et al (1924) maintain that cows 
in quite poor condition produce calves of average weight. The latter 
authors show that only when nutrition is severely depressed is calf 
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weight affected. Even then the effect is not proportional to the l-oss 
of condition of the mother. This is demonstrated by the decrease in 
the calf-mother ratio. In their work on the breeding of (rattle on 
pasflives deficient in mineral oontenl, du Toil and Bischop (1929) 
show that, between their “ bone-meal ” and their “ control ” herds, 
in spite of marked differences in condition, vigour and resistance to 
disease, there is no significant difference in birth-weight, (iroenewald 
(19(15) also fails to find a reduction of birth-size in calves born of 
mothers fed on rations deficient in various mineral substances. Barry 
(1920) maintains that severe inanition in pregnant rats causes a 
decrease in body weight of the resulting litter. The different organs 
of the foetus are not all affected to the same extent, hence a change 
in the weight-ratio of the organs results. Quinlan and Roux (1936) 
find that in cows subject to severe restriction of exercise and sunlight 
there is no change in either size or degree of development of calves, 
provided that this treatment does not result in excessive deposition 
of fat, when low birth-weights will be encountered. 


Age. 

According to age, breeding stock may be divided into three 
(‘lasses—immature, mature and aged. Iti practical animal 
husbandry the breeding ability and production of animals in each of 
these (‘lasses have received much attention. All this work is of 
great interest here, for it brings out one essential fact—that both 
as a productive and as a reproductive machine the mature female 
exhibits an efficiency far superior to that of the female in either of 
the other two classes. 

Hammond (1932) refers to t lie inability of shearlings to produce 
lambs with a birth-weight equal to that of the offspring of mature 
ewes. Donald and jMcLean (1935) conclude that the influence of 
age of the ewe is sufficiently strong to obscure the effects of sex 
differences in the lambs. 

Fitch vt al (1924) find that mature cows ptoduce calves larger 
than those immature cows. Eekles (1919-20) states that first calves 
are smaller than later ones, and that the maximum weights occur 
at the third to the sixth calving. Later in life, in the aged group, 
there is a decrease in birth-weight. It is well kuown that, milk 
production increases in the second and third lactations and declines 
in aged cows. 

King (1915) states that birth-weight in the rut increases with 
the age of the mother. Donaldson (1924) mentions that the albino 
rat usually produces its largest litters at the second to the eight 
gestations. Long (1906) states that the average weight, per pigling 
in the case of year-old sow's is about 800 gin., and that this increases 
with age until at 5 years the figure is 1,300 gm. Carmichael and 
Rice (1920) show 7 fhat, in addition to this increase in the si/,e of the 
individual pigling, there is also an increase in the number per litter 
as the age of the sow T increases. These changes are evident up to 
the 4th litter. Schneider (1936), studying German pigs, reports 
similar results. 


431 



PRENATAL GROWTH IN -THE MERINO SHEEP. 


A further indication of the greater reproductive ability of the 
more mature female is the fact that in sheep multiple births occur 
with the greatest frequency in the most mature age-groups (Jones 
and House, 1920). . „ 

In the foregoing reference has continually been made to the 
number of gestations as an index of maturity. In most cases this 
will also be indicative of age. But that maturity is actually a matter 
of age, and is not dependent on previous breeding, is shown by 
Joubert (1936). He finds that virgin ewes of mature age will produce 
lambs equal in weight to those of ewes of the same age which had 
previously been bred. Donaldson (1924J shows that if the female 
rat is prevented from breeding until she is four months of age, then 
the first litter will be as large as any of the subsequent ones. 

To sum up the various maternal influences it may be stated that 
breed, strain and maturity are of importance in foetal development, 
whereas the state of nutrition, unless grossly beyond normal limits, 
does not exert much influence. 

Paternal Influences. 

It is quite evident that the influence of the ram on the foetal 
size is limited to the genetic sphere. Mumford (1901) declares thal 
the sire does not exert any influence on the size of its offspring. 
Humphrey and Kleinhenz (1908) find that paternal influence is 
rather limited. Their method of investigation, however, was not 
calculated to allow for differences in age and breed. 

Hammond (1932) cannot agree that the ram has no influence 
on the size of its lambs. He draws attention to the fact that cross¬ 
bred lambs often differ in size from the pure breed. This difference 
must be induced by the sire. 

In dairy cattle Fitch et al (1924) find that the sire does exert 
an influence upon calf-weight but that the degree of such influence 
is somewhat limited. Eckles (1919 ; 20) shows that the calf produced 
by a Jersey cow mated to a Fries bull is much heavier at birth than 
is a pure-bred Jersey calf. Quinlan and Roux (1936) also find that 
the bull has an influence on calf-size. 

Additional factors which should be considered are: — 

Number of Foetuses . 

It has been shown by Murray (1921) and by Hammond (1932) 
that each member of a set of twins is lighter than a single foetus 
of similar age. The total weight of the set, however, exceeds that 
of the single individual. Between twins and triplets similar 
differences exist. These results are confirmed by numerous other 
workers. Schneider (1936) points out that in pigs the size of the 
individual pigling at birth decreases with the increase of the number 
per litter. King (1915) says that the same applies in the albino rat. 

Zuntz (1909) shows that when rats are kept on unbalanced 
rations, the frequency of gestation and the number per litter are 
reduced much more than is the size of each individual foetus. 
Evidently, where nutriment is limited, reduction in number safe¬ 
guards the size of the young. 
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Se<v of the Foetus . 

That the birth-weight of the male exceeds that of the female 
has been established for the human being (Jackson, 1909), the sheep 
(Hammond, 1932; Murray, 1921; Donald and McLean, 1935), the 
bovine (Fitch et al , 1924), the rat (King, 1915; Donaldson, 1924; 
Freudenberg 1932) and the pig (Schneider, 1936). 

This difference in weight is not merely the result of an enlarge¬ 
ment in all dimensions in the male. For the bovine it has been 
demonstrated by Keller (1920) and by Beer (1925) that somatic 
differences dependent upon sex do exist. These are detectable as 
early as the second month of prenatal life. The male is much more 
plump and is better muscled, especially in the cervical and the 
shoulder regions. The female is more slender and has a long, narrow 
head. The results of Keller were well controlled in that he used 
sets of twins of like and of unlike sex. Although variations were 
found in both groups he concluded that there was evidence of a 
definite inherent somatic sex-difference. 

For the pig similar results are reported by Smestisko (1925). 
Jackson (1909) refers to sex-differences in human foetuses, and 
Scammon (1922) shows that in the height-weight index of new-born 
babies this difference is also discernible. 

In addition to the above influences there is still to be considered 
the effect of the time of the year at which birth occurs. 

Seasona l hifluences . 

Hammond (1932) and Donald and McLean (1935) find that birth- 
weight increases with advance of the lambing season. Apparently, 
however, they consider that this is the reflection of an improvement 
in the condition of the ewes. Carmichael and Itice (1920) find no 
regular birth-weight differences due to season, although they do 
state that piglings farrowed outside the regular seasons have smaller 
weights than usual. Schneider (1936) finds that the birth-weight 
of piglings farrowed in winter exceeds by 70 gm. per foetus that 
of similar young born in summer. 

3. Growth in Weight. 

Colin (1888) appears to have been the first investigator to study 
the growth in weight of the ovine foetus. A big gap in his figures 
between the ages of 57 and 120 days makes it impossible to determine 
the shape of the growth curve. Due to the absence of age figures 
the series of foetal weights given by Paton, Watson and Kerr (1905) 
is also useless for this purpose. These weights indicate only the 
range to be expected. Craig (1912) mentions 4 Kg. as the weight 
of the lamb at birth. 

Curson and Malan (1935) give detailed figures for a whole 
series of Merino foetuses. In general their figures are lower than 
those of Colin. This may be due to their having worked upon a 
different breed. They show by means of a chart that when weight 
is plotted against age the result is a logarithmic curve. The latter 
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shows much fluctuation, especially after the age of 100 days. The 
authors state that “ these fluctuations are well understood, for the 
series of lambs was taken at random, and there is considerable 
variation in the weight of individuals of the same age ”. In a 
subsequent paper [Malan and Cursou, 1930 (a)] additional weights 
are recorded, and although these are not plotted against age, it 
appears that the curve so obtained would follow a course similar to 
that of the curve given in the earlier article. Further weights are 
given by Malan and Curson (1937), and these only serve to strengthen 
the previous findings of these authors. 

For the bovine foetus a fair amount of data are available. 
Rorik (1907) and Bergman (1922) tabulate a considerable number 
of weights for foetuses of various ages. Craig gives the average 
weight of the calf at birth as 32*5 Kg. Hammond (1927) mentions 
the weights of eight accurately aged foetuses. In spite of many 
overlappings, and the fact that breed differences must be 
considerable, these figures all indicate that the age-weight curve 
for the bovine foetus is similar to that described by Curson and 
Malan for the sheep. 

The same type of curve has been established for other mammals, 
e.g. the human being (Jackson, 1909), the guinea-pig (Draper, 1920), 
the rat (Stotsenberg, 1915) and the mouse (MacDowell et al , 1927). 
Apparently the same type of curve holds good for other mammals, 
and it appears possible to express all foetal growth-rates by the 
same general formula, the constants of which have merely to be 
adjusted for each species. 

So far only absolute growth has come under consideration. 
When relative or percentage growth curves are considered there is 
a remarkable lack of unanimity amongst workers. When it is 
noticed that Brody [1927 (a)] using the identical data employed 
by Minot (1908), obtains radically different rates, then it is realised 
that the real problem here is of rftathematical nature. 

Brody [1927 (b)] presents graphs with which he attempts to 
show that tne relative growth curve is not of a steadily decreasing 
nature, but that it is made up of a series of straight segments. 
MacDowell ct al (1927) do not agree with this. They demonstrate 
an even and regularly decreasing curve. They criticise the data 
upon which Brody relied for his determinations, and they also 
show that any curve may be approximated by a number of straight 
lines. 


4. Growth in Length . 

In the introduction to this paper was mentioned the failure of 
investigators to define with accuracy their procedure. Nowhere is 
this failure more apparent than in the case of length of foetuses. 
By determining increase in length an idea of skeletal growth, rather 
than of mass increase, is obtained. Later it will be seen that these 
two factors are actually correlated. It is evident that in each case 
the identical dimension should be measured. This can be done only 
when the extremities of the line are clearly defined. If the line 
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is not straight then its course between the two fixed points should 
be indicated. Unfortunately in the literature the term “ length 
of foetus 99 is often given without further amplification. 

For the human foetus certain fixed measurements are in general 
use. These are described by Mall (1910). Commonest of these are 
sitting-height (crown-rump), standing-height (crown-heel), and 
vertebral column length. In the veterinary field most workers have, 
no doubt, made use of a dimension akin to the human sitting-height 
or crown-rump measurement. That the fixed points have varied is 
indicated by the few instances in which an attempt at defining 
“ length 99 has been made. Hammond (1927) refers to a poll-base- 
of-tail measurement, while Curson and Malan (1935) use the forehead 
and the base of the tail as landmarks. For rats the nose-anus 
dimension is in general use (Donaldson, 1924). Bergmann (1922) 
refers to a muzzle-rump measurement employed by some investigators. 
He concludes that this is inferior to the poll-rump measurement. 

In all these cases attempts have been made to indicate the length 
of the foetal body. All the measurements are of straight-line 
dimensions. Although “ crown-rump ” appears to be a most useful 
measurement in the human being, its value in an animal with a 
relatively long and flexible neck is greatly reduced by the possibility 
of large errors due to changes in posture. In the sheep foetus, even 
when it is laid out flat with the neck perfectly straight, relatively 
large variations may be introduced simply by flexing and extending 
the head on the neck. In making use of such dimensions it is 
essential that the position of the foetus as w r ell as the landmarks be 
standardised and defined with care. 

Malan and Curson [ 1936 («)] express the opinion that a measure¬ 
ment along the back of the foetus, in preference to a straight line, 
should assist in eliminating the effect of posture. It was their 
intention to make use of Mali's (1910) “ length of vertebral column 
dimension. They employed as an anterior landmark for their 
“ curved crown-rump 99 length, the midpoint of the line joining 
the medial canthi of the eyes. The posterior landmark was the 

root of the tail (Curson, 1937). The authors do not find that the 
use of this measurement improves the fit of the data in a weight- 
length curve. From this it would appear that the curved line is 
no more accurate than a straight measurement. The line used is 
obviously not the equivalent of that referred to by Mall, and it 
remains to be seen whether Mall’s line—length of the vertebral 
column—would produce better results. The difficulty in making 
this measurement is that there is nothing to indicate that, in any 
species other than the human being, the extension of the eye-ear 
line indicates the point of origin of the vertebral column. 

Lengths of sheep foetuses from the third to the twenty-second 
week are given by Gurlt (1847). His figures show* no close similarity 
to those of other workers. Better figures are those of Assheton (1905). 
These are limited to the very young stages. A large amount of 
data concerning accurately aged Merino foetuses are presented by 
Curson and Malan (1935). On plotting these data against age the 
authors obtain a curve which resembles an elongated “ S ”. This 
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curve (lifters from the weight-age curve previously described. Due 
to the small number of foetuses used the data show much variability, 
but this cannot obscure the fact that there is a definite length-age 
curve for foetal growth. Apart from additional figures for straight 
crown-rump length, Malan and Curson [1986 (a)] also tabulate 
their “ curved crown-rump ” measurements. Although the latter 
figures are not plotted, it appears that this would result in a curve 
of roughly the same shape as that obtained with the straight-line 
dimension. Galpin (1985) indicates the lengths of a number of 
accurately aged Itonmey foetuses. The measurement taken anpears 
to have been somewhat akin to Malan and Curson’s [1986 (a)] 
curved crown-rump dimension. If the figures represent straight, 
crown-rump lengths then a Romney foetus must be considerably 
larger than a Merino foetus of identical age. 

Craig (1912), who simply speaks of “ length of the foetus ”, 
gives figures for the horse, tile bovine, the sheep, the pig and the 
dog. As he mentions merely the average length for each of the 
seven periods into which he divides the gestation period, no 
conclusions as to the nature of the growth curve may be drawn. 
His data for the sheep fit in well with the figures recorded by 
Curson ami Malan. For the length of the lamb at birth Craig 
gives 18 inches, which is considerably higher than the figure 
mentioned for a 145 day foetus by Curson and Malan (1985). If 
Craig’s figure is a good average one then the distinct flattening 
of the last part of Curson and Mai ail’s curve should disappear and 
the curve should be much more even. This would then produce a 
curve resembling that given by Draper (1920) in his work on the 
guinea-pig. His curve also has a double nature, but the second 
change of direction is very gradual. Draper concludes that from 
the 15th day of foetal life till the G4th day the percentage rate 
of growth in length decreases steadily. Hammond (1927) indicates 
the measurements of eight bovine foetuses, ranging in age from 
1 to 8 months. The figures would apparently fit a curve such as 
that under discussion. • 

Already it has been shown that there is a correlation between 
the age and the length of a foetus. In the human foetus 
this relationship has received a fair amount of attention. Simple 
empirical formulae for expressing each of these characteristics in 
terms of the other are given by Seammon and Calkins (1923). 
Noback (1922) demonstrates the simple relationship, between sitting- 
height and standing-height. Seammon (1937) shows that the simple 
relationship between these two lineal dimensions may be extended 
to embrace numerous other external measurements of the foetus. 
Noback (1925) demonstrates that in the lineal growth of a single 
system such as the respiratory the age-length correlation is still 
present. 

Curson and Malan (1935) consider the correlation between weight 
and length. In addition to presenting a graph for these two 
characteristics plotted one against the other, they show that relative 
increases in length and in weight may be plotted to a straight line. 
This is confirmed in a later article [Malan and Curson, 1936 («)]. 
It is also found that the “ fit '* is not improved by the use of the 
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curved crown-rump measurement. Tliey conclude that increase in 
length is a function of body weight, and that the reverse also holds 
good. They observe that the logarithmic values of weight and of 
crown-ruinp length are equally variable. Hammond (1927) states 
that “ weight is more variable than length Curson and Alulan 
(1935) show that when Arey’s (1934) data for the human foetus are 
plotted, the same length-weight relationship becomes evident. 
According to Scammon (1922) there is a definite height-weight index 
for babies at birth. 

Workers on post-natal growth have not been content with 
measuring one dimension. Instead they make use of a number of 
representative measurements, some of which are mentioned and 
illustrated by Ragsdale, Kiting and Brody (1926). It w-ill be seen 
that there are two classes—straight and curved or circumferential. 
The purpose of all this is to obtain an idea of growth in all three 
dimensions, rather than to he limited to a “ one-dimensional ” 
conception of the process. Jt appears that by an extension of this 
idea to the study of foetal growth a much clearer and more accurate 
visualization of the changing proportions of the developing foetus 
may he attained. It is conceivable that ratios between dimensions 
may prove to he better indices of age than the absolute measurements 
themselves. 


ft. Growth in Surface Area. 

Not only weight and linear dimensions but also surface area 
may he used as a measure of size. In the living animal, especially 
after birth, surface area assumes an even greater importance, for 
it is intimately associated, with heat regulation and metabolism. 
In the sheep foetus this aspect of growth has been studied by Malan 
and Curson [19*16 (b)\. They find that the curve for .surface area 
against age is similar to that for weight and age. Relative increases 
in area and in weight may be plotted to a straight line. 

Owing to the desirability of preserving intact the foetuses used 
in the present work, surface area has not been considered. 

6. ('hantjes in External Appearance . 

It is not intended to discuss here the earliest developmental stages 
of the sheep embryo and foeius. Rather is it the object to commence 
at the stage ai which in textbooks the subject is usually left, and 
to consider the manner in which the early common mammalian type 
is moulded into the Merino lamb delivered at parturition. The 
changes which take place will be correlated with age so as to arrive 
at something similar to Arey’s (1934) 4k Table of Correlated Human 
Development. 

Assheton (1905) intimates that the development of the sheep up 
till the 10th clay has been worked out by him (1903), and that the 
further development has been fullv described by Bonnet (189ft and 
1898V Unfortunately neither of these papers was available to me. 

For the bovine Hammond (1927) pretents a table which, in spite 
of the small number of foetuses available for its compilation, is a 
useful guide in age-determination. An interesting feature of thia 
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table is the use that is made of the stage of pigmentation of the 
eye in the early foetuses. Attention is also directed to the value of 
the limb-bud and the development of the hoofs in ageing foetuses. 
Some further, details concerning the external form of bovine foetuses 
in the early stages of gestation are mentioned by- Kupfer (1936). 

The appearance and distribution of hair on the foetus has long 
beeu used as a criterion of age. The spread of hair over the Merino 
foetus is described by Duerden and Ritchie (1924). The time of the 
first appearance of hair is placed towards the end of the 2nd month. 
To this exception is taken by Curson and Malan (1935), who maintain 
that hair is first visible on the forty-second day of prenatal life. 
Galpin (1935) describes the development of hair in the New Zealand 
ltomney foetus. She draws a distinction between tactile hairs and 
body hairs. The former start to appear on about the 76th day, 
whereas the latter are first seen on the 90th day. These times refer 
to the actual emergence of the hairs above the surface of the 
epidermis. The hair follicles, of course, are distinguishable long 
before this. Like Duerden and Ritchie, she finds that the development 
of hair is furthest advanced on the most anterior parts of the body. 
The backward spread takes place in accordance with a plan so 
regular that it appears to offer an excellent means of age-determina¬ 
tion. 


Craig (1912), Bergmann (1922) and Hammond (1927) give details 
for hair development in the bovine. When due allowance is made 
for the increased length of the developmental period in this species, 
it is seen that the figures mentioned correspond closely to those 
obtained for the sheep. 

Other external features do not appear to have received much 
attention. 


( d ) The Maternal, Mammary Gland. 

Probably on account of the relative unimportance of the sheep 
as a milk producer, its udder does not appear to have excited scientific, 
interest. That milk production in the sheep is of economic 
importance, especially in crossing for fat lamb production, has been 
show’ll by Joubert (1936). From the above it must not be assumed 
that in other species the causes of mammary development and milk 
secretion have not been the subject of scientific investigation. On the 
contrary, much work has been done in this connection. 

Early in the present century Lane-Claypon and Starling (1907) 
studied with inconclusive results the effects on mammary develop¬ 
ment of various foetal placental extracts. Loeb and Hesselmann 
[1917 (a) and (5)] show that mammary activity is correlated with the 
oestral cycle as well as with pregnancy. The changes occurring with 
each oestral cycle resemble closely those of the early part of gestation. 

A close study of the whole problem has been made by Turner. 
This author (1930) traces the foetal development of the udder, 
indicating the stage attained at birth. In a later paper (1934) 
development in the post-natal period is followed up and it is shown 
that, excepting for the deposition of fat, there is no change between 
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birth and the onset of puberty. From this time onwards, with each 
recurring oestral cycle, there is more and more growth and branching 
of the duct system and the gland tissue comes to resemble a tree 
without leaves. With the onset of pregnancy there is still more 
branching activity, followed by alveolar development. At mid-term 
the leafless tree picture 1ms been altered to resemble a bunch of 
grapes, the ducts being the stalks and the alveoli the grapes. Now 
secretion commences and it is the accumulation of the secretory 
product which results in the visible filling out of the mammary gland. 
Hammond’s (1927) results are in agreement with these views. 
Woodman and Hammond (1923) and Asdell (1925) find that the watery 
secretion which, in virgin heifers, may be withdrawn from the udder, 
begins at mid-term to undergo qualitative and quantitative changes 
which foreshadow the formation of the cholostral milk. The above 
results appear to explain why workers such as Ragsdale et al (1924) 
have found that in lactating cows a subsequent pregnancy does not 
have any effect upon milk yield until the end of the fifth month 
of gestation. 

At the time of fertilization, therefore, mammary development 
is already under way. The further development of the udder occurs 
in a slow and orderly manner and is spread out over the entire period 
of gestation. It is incorrect to regard milk secretion as being initiated 
rapidly a short while prior to parturition. 

This internal development and the accumulation of fluid must 
make itself evident in an increase in size and weight of the gland. 
Hammond (1927) shows that in heifers in their initial gestation 
period, the weight of the udder increases from 2,200 gm. at the end 
of the first month to about 8,000 gm. at mid-term, and to between 
0,000 and 9,000 gm. shortly before parturition. Thus the major 
portion of the increase in weight occurs in the second half of 
pregnancy. Hammond further indicates that in considering udder 
weights, especially in dry cows, the age and the condition of the 
subject should receive due attention, as both these factors have an 
influence on the weight of the organ. 

(c) The Maternal Endocrine Glands. 

1. The Pituitary . 

This gland is most intimately associated with all the sexual 
functions of the animal body. A sex-difference in pituitary size has 
been demonstrated in man (Rasmussen and Herrick, 1922), in the 
albino rat (Jackson, 1913; Ilatai, 1913; and Addison and Adams, 
1926) and in the pigeon and the dove (Riddle and Nussmann, 1933). 
In each cose it is the female that has the larger pituitary, and in 
this sex the gland also has a steeper growth curve. Addison and 
Adams show that 95 per cent of the excess weight is accounted for 
by the anterior lobe of the hypophysis while the remaining portions 
are but slightly heavier than in the male. This is in agreement with 
the conclusions drawn by Rasmussen and Herrick from a study of a 
few human pituitaries. Working with albino rats, Andersen (1933) 
shows that at different times in the Bexual cycle the hypophyseal 
weight varies. The maximum weight is encountered during oestrum. 
From then onwards there is a gradual decrease to the minimum 
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weight which is reached twenty-four hours prior to onset of the next 
heat period. In the fowl it has been shown that during the laying 
period the pituitary is heavier than during the moulting stage 
(Marza and Blinov, 1930). For the mare Sehopf (1935) gives pituitary 
weights at different stages of gestation. He states that due to diffe¬ 
rences in the size of his subjects, no conclusions may be drawn from 
the. absolute weights. When relative weight is the criterion then it 
appears that pregnancy is accompanied by an increase in pituitary 
weight. Whether Sehopf is justified in assuming that pituitary size 
is proportional to body weight is questionable. Upon this point 
no direct evidence is available, yet it must be admitted that in the 
results of Addison and Adams (1920) some correlation between body 
weight and pituitary weight is evident. 

From a study on the albino rat, Herring (1920) concludes that 
the effect of pregnancy is to reduce the weight of the pituitary, 
llammond (1927) considers the oestral cycle to be the homologue of 
the reproductive cycle with dioestrum corresponding to the gestatory 
period. If this is the case, Herring’s view receives confirmation 
from Andersen’s (1933) findings. 

In the bitch (Wolf, Cleveland and Campbell, 1933), in the sow 
(Cleveland and Wolf, 1933), in the mare (Sehopf, 1935) and in the 
sheep (Warbritton and MacKenzie, 1937) it has been shown that 
widely differing histological pictures are associated with the various 
phases of sexual activity. The changes take the form of qualitive as 
well as quantitive variations in the chromophil cells of the anterior 
lobe. The changes described in the bitch and the sow suggest that 
during pregnancy a decrease in the size of this lobe is to be 
anticipated. 

2. The Adrenal. 

In the albino rat the sex differences and the growth curves of 
the adrenals resemble closely thosfe of the pituitary (Jackson, 1913; 
Hatai, 1913). Barker (1937) finds that the adrenal of the dog is 
lighter than that of the bitch. Mature females have heavier adrenals 
than immature bitches. In mice Deanesley (1928) demonstrates 
histological differences between male and female adrenals. 

Andersen and Kennedy [1933 ( b )] show that in female albino 
rats adrenal weight is very variable, and that factors such as age, 
body weight, sexual season and the presence of infection must receive 
attention. They contend that, bacterial infections of the lungs make 
for increased adrenal weight. Motow (1937) does not agree with this. 
Rosenbluth and Gayet (1932) conclude that the adrenal is relatively 
stable, both in weight and in adrenin content, to changes in diet. 

Andersen and Kennedy (3 932) show that during oestrum the rat 
adrenal is heavier than in dioestrum. This increase during oestrum 
is associated with definite histological changes, the cortex being 
increased in thickness at this stage of the cycle. Nahm and McKenzie 
(1937) demonstrate variations in the adrenal of the ewe, . 

Deanesley (1928) finds that in the mouse there is associated with 
pregnancy a degeneration of the inner portion of the cortex, described 
by her as the “ inner dark staining zone ”, 
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Herring (1920) mainlains that (luring piegnancy the adrenals of 
the rat are slightly hypertrophied. This finding is criticised by 
Andersen and Kennedy [1930 (n)|, who maintain that the figures do 
not show any significant changes. The latter authors, after reviewing 
all the available literature, conclude that the case for preguancy 
hypertrophy of the adrenal has not been establised. They admit 
that there is a possibility that all species may not react in an identical 
manner. After careful considetation of all the available data they 
maintain that in the case of the human being, the rat, the mouse, 
the rabbit and the cat, the balance of evidence is against such a 
hypertrophy. Their own results, in which relative adrenal weight 
is employed, indicate that during pregnancy the adrenals resemble 
those of the dioestrus period, which again are lighter than the 
adrenals of the oestrus period. During lactation a significant rise in 
adrenal weight is evident. 

Mutow (J937) finds the adrenals to be heavier at oestrus than 
during dioestrus. When he considers a combined group of pregnant 
and lactating rats, a weight slightly above the dioestral standard is 
obtained. This increase may he accounted for entirely by the lactating 
rats in the group. 


3. The Thyroid. 

Andersen (1933) states that the great variability in weight of this 
organ is due partly to the difficulty of dissecting it free from the 
surrounding tissue. Jackson (1913) shows that during growth the 
relative weight of the thyroid changes, being highest at birth. 
Zimmeimann (1933) states that, with increasing age the thyroid under¬ 
goes regressive changes, the isthmus in particular being affected. 
Orywall (1933) finds that there is a definite weight difference between 
thyroids from female rats at Leipzig and from similar rats in Stutt¬ 
gart. This may be a strain difference or it may be of dietary origin. 

With all these possible sources of vaiiation, only exceedingly 
large changes in the size of the thyroid would he of significance. 
It is not surprising to find that Andersen (1935) concludes that she 
is unable to demonstrate changes due to sexual season. 

Ouggisberg (1933) maintains that in the pregnant woman the 
thyroid is enlarged to such an extent as to render the increase clini¬ 
cally detectable. He states that although there is hypersecretion from 
the thyroid, this cannot be termed hyperthyroidism because the 
thyroxin content of the maternal blood is not raised. The surplus 
secretion is for the use of the developing foetus, which, until late 
in foetal life, is devoid of its own supply. 

Herring (1920) claims to have shown that in the rat there is 
a decrease in thyroid size during pregnancy. 

4. Corpus' Lutenm. 

It is now agreed that this body should be regarded as a temporary 
endocrine gland. Its function has been studied in great detail. With 
this aspect the present paper is not concerned. Only its macroscopic 
appearance will be considered here. The appearance of the ovine 
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corpus luteum, both in the oestral cycle and in pregnancy, has 
been well described and illustrated by Quinlan and Mare (1931). 
The microscopic appearances have been reported upon by Marais 
(1936). From these works it is learned that the corpus luteum of 
the sheep maintains its structure for a long time. The corpus luteum 
of menstruation shows its first signs of deterioration shortly prior 
to the next oestrum, while that of pregnancy remains unchanged 
until the approach of parturition. The latter corpus luteum tends to 
sink deep into the ovarian tissue, especially during the latter half of 
gestation. This fact may be responsible for the statements of certain 
observers to the effect that the size of the corpus becomes reduced 
during the second half of pregnancy. 

From actual weights of bovine corpora lutea, Bergmann (1922) 
concludes that there is no decrease in size throughout the period 
of pregnancy. Kaltner (1923) shows that during the entire term the 
bovine corpus luteum conforms closely to the average weight of 
4*26 gm. liven at parturition he could not detect macroscopic 
changes in the size and appearance of this structure. In twin 
pregnancies he finds that each of the two corpora is smaller than 
the average referred to above. He maintains that the presence 
of dead, mummified or macerated foetuses does not prevent 
degeneration of the corpus nor even the approach of a new ovulation. 
Hammond (1927) also finds that there is no change in the size of 
the corpus luteum during the course of pregnancy. He mentions 
that during gestation follicular atrophy is much more severe than 
during the sexual cycle. This tends to cause a decrease of ovarian 
weight, especially in the case of the ovary not containing the corpus 
luteum. 


5. The Pineal . 

No reference to the macroscopic appearance of this organ during 
pregnancy has been encountered. # 


(/) General. 

1. The Situation of the Foetus . 

From a consideration, of the mode of liberation of the ovum and 
of fertilization it will be evident that the foetus should in most cases 
be situated on the same side of the body as the corpus luteum. From 
the figures of Kupfer (1923) and those of Curson (1934) it is seen that 
this is the case. In a small number of cases, however, “ migration 
occurs. This may take place via the abdominal route (Leopold, 1888) 
qr it may occur by the internal or uterine route (Warwick, 1926). 
This latter type of migration is not possible in mammals which have 
a uterus duplex—e.g. the rabbit. 

When more than one foetus is carried, the corpora lutea may 
be in. one or in both ovaries. Irrespective pf the distribution of the 
corpora between the ovaries, the foetuses are usually spaced evenly 
along the entire tract (Warwick, 1926), Even in a case of uniovular 
twins, Henning (1937) found the foetuses lying one in each horn. 
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In cattle it lias been found that the foetus is carried in the 
right horn more often than in the left (Keefer, 1937). Clark (19*36) 
shows that this is not due to more frequent ovulation from the 
right ovary. It appears, therefore, that in the bovine migration 
usually occurs from the left to the right horn. Clark failed to find 
justification for the belief that there is usually a relationship 
between the sex of the calf and the horn in which it is carried. 

In the sheep, due to the prolonged persistence of the corpus 
luteum, it is a simple matter io determine whether ovulation has 
occurred from alternate ovaries or not. Quinlan and Mare (19**11) 
find that usually there is alternation between the two ovaries, but 
that on occasion ovulation may occur twice or even three times in 
succession from the same ovary, ttulil (1925) mentions the fact that 
in the human being after unilateral ovariotomy the length of the 
sexual cycle is not doubled. This, he states, indicates that there 
is no inherent mechanism preventing successive ovulations from 
the same ovary. 

2. Effect of Gestation on Maternal Weight. 

In view of the scarcity of data on prenatal growth, some 
investigators (e.g. Ragsdale, Kiting and Brody, 1920) have attempted 
to gauge foetal development by noting the increases in weight of 
pregnant cows. This method at best can but give an indication of 
the growth of the whole foetal system, which is neither equal nor 
proportional to foetal growth. 

Bartlett [1920 (5)] states that in experimental work on pregnant 
cows it is often necessary to be able to apply a correction for foetal 
weight. He is of opinion that the only increase in weight of mature 
pregnant cows is that due to the foetal system, while in. immature 
cows there is actual growth up to the fourth month of gestation. 
The former class will regain its service weight after paiturition, 
while the farrow weight of the immature cow is the same as that 
shown at the fourth month of pregnancy. 

Reference has already been made to Curson and Malan’s (19*30) 
treatment of the weight of the gravid uterus as a percentage of the 
nett live weight of the ewe. 


CHAPTER 3.—PLAN OF INVESTIGATION. 

(a) Material. 

Apart from a few references to some of the material already 
reported upon by Curzon and Malan, the data for this paper are 
derived entirely from observations upon a series of ewes slaughtered 
at Onderstepoort during the period April to November, 1937. 
These sheep, typical Merinos, were drafted from the available flock 
on the research station at Ermelo, Transvaal. The methods of sheep 
husbandry practised on this farm are described by lloffman (19*35) 
and Roux and Hoffman (1935). Information regarding the 
physiography of the station and its effect on Merino sheep is given 
by Roux (1936). 
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The known sexual history of the ewes has been arranged m 
tabular form (Appendix—A). As the ewes had not been kept under 
constant supervision from the time of attaining sexual maturity, 
it is certain that many occurrences of oestrum are not recorded. 
However, the information concerning previous services and 
pregnancies is complete and accurate. 

Regarding the service of the ewes, the “ controlled ” method 
(Roux and Hoffman, 1935) was practised. “ Teasing M was carried 
out twice daily and service was allowed soon after the detection 
of oestrum, and again twelve hours later. Where an ewe was still 
willing to stand for the ram at the next testing (i.e. 24 hours after 
the onset of oestrum) a third service was allowed. 

Four rams were employed to serve the ewes. All were typical 
specimens of the Merino breed, of mature age (about six years) 
and of fairly uniform size (around 140 lb. live weight). The rams 
were used at random, no attempt being made to mate a certain 
ram to any particular ewe, nor were the two consecutive services 
of any ew r e necessarily given by the same ram. 

Most of the ewes were tested daily for 22 days following service, 
and where oestrum reappeared it was assumed that the ewe had 
failed to conceive. In the case of those ewes required for the study 
of the earliest stages of pregnancy this testing was impracticable. 
When slaughtered, many of these ewes proved to be non-pregnant. 

Soon after completion of the testing (or, in cases where no 
testing was carried out, soon after service) the ewes were railed 
to Onderstepoort, where they were placed in a small camp 
(100x50 ft.) in which a good water-supply was always available. 
They were allowed the ration* usually fed to sheep at this Institute. 

At first each sheep was weighed once only, i.e. just prior to 
slaughter. However, it was later decided to weigh the ewes at 
weekly intervals, this taking place at ll'a.m. on Monday mornings. 
The sheep were not starved before being weighed. 

Although the ewes were selected at random, they were never¬ 
theless drafted from a flock of fairly uniform size and age. As a 
result the ewes of the experimental group showed but slight 
variations in these respects. 

Had the weights of the ewes at the time of service been available, 
it would have been an easy matter to test the group for uniformity 
of weight. As there were differences in condition (fatness) it cannot 
be claimed that the weights would have been a true index of skeletal 
size—the factor which is of importance in the determination of size 
of the foetus. 

It was decided to make use of brain weight as an indication 
of size. It must at once be pointed out that there is no definite 
authority for this procedure, and that no undue importance should 


* This is as follows:—Roughage always available in racks; J lb. of maize 
per sheep per day. Green feed or, when this is not procurable, lucerne hay two 
or three times per week. 
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be attached to it. However, in the human being it is known that 
the brain reaches its fullest development relatively early in life 
(Scammon and Dunn, 1922; Sappers, 1936). 

By comparison of the respective life-cycles and the ages of 
sexual maturity, it is estimated that in the sheep brain weight is 
likely to have reached its maximum at the age of 2i years. There¬ 
fore, in sheep older than 3 years, but not yet “ aged ”, brain weight 
should not be affected by small differences in age. Further, it has 
been shown in the rat that the coefficient of variation of the brain 
is considerably lower than that of most organs or of the body as a 
whole (Jackson, 1913). It is evident that from day to day the 
brain weight of an individual is not likely to change in the same 
iroportion as the body weight which, especially in the ruminant 
Bartlett, 1926 (a)], is subject to large daily variations. Kappers 
1936) states that in the human being body weight and brain weight 
are correlated. It is felt that these facts go far to justify the use 
of brain weight as an index of body size. 

In Table 1 are given the mean brain weights of the ewes when 
placed in monthly groups according to the stages of pregnancy 
reached at the time of slaughter. 

When tested In Fisher’s (1936) “ Analysis of Variance ” 
method these figures show no significant differences. 


Table 1. 

Urn in Weight a of Ewes. 


(rHocrs of Ewes. 


1 

2 


4 

5 

o 


(’lass. 

No. of 
Ewes. 

1 Mean Brain 
! Weight.* 

1 Non* prog. 

11 

j 107-78 

1st month. 

12 

1 104-42 

2nd month. 

8 

j 103-25 

3rd month. 

8 

1 106-17 

4th mouth. 

7 

j 107-43 

5th month. 

5 

! 104-60 


* Weight in Grama. 


In Table 2 the conception ages of the same groups of ewes are 
treated in a similar manner. Again the differences are insignificant. 
From these tests it is concluded that, although the ewes did show 
variations both as regards size and age. the effect of the random 
selection was such as to spread the differences evenly throughout 
the six groups, there being no “.prejudice” in favour of any 
particular group. 

All details regarding dates and times of service and of slaughter 
are to be found in tabular form in Appendix A. 
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Table 2 . 
Ages of Ewes . 


Groups or Ewes. 

No. of 
Ewes. 

Moan age* 
of Group. 

No. 

Class. 


Non-nroo. 

11 

3*72 


1st month...., T .,, r _ 11 

12 

3*75 


2nd month... 

g 

3-60 


3rd month. 

8 

3-67 


4th month. 

7 

3 .63 


5th month. 

5 

3*77 






* Age in years. 


(b) Procedure. 

(1) Collection of Data . 

Immediately before slaughter the ewe was weighed and a clinical 
examination was made. Age was determined according to the teeth, 
while the degree of development of the mammae and of enlargement 
of the abdomen were determined both by visual inspection and by 
palpation. Then the animal was placed on its left side and was 
held firmly while its throat was cut and the spinal cord severed. 

Immediately after death the mammary gland was removed; the 
skin was incised transversely in the region of the umbilicus and the 
gland was loosened from the abdominal wall; at its caudal border the 
mammary vessels were examined before being cut through. When the 
organ, together with its lymph glands, had been freed, the incision 
through the skin was continued along the circumference of the base. 
The gland, removed with its covering skin, was laid flat on its base, 
and left in a cool place until its adipose tissue had set.* 

Meanwhile, avoiding rolling of the carcase, assistants had 
removed the skin and had inserted hooks into the loins, the withers 
and the neck. By means of these the carcase was supended in 
imitation of its natural standing posture. 

Through slits in the flanks the positions of the rumen, the intes¬ 
tines, the uterus and the ovaries were observed. The gastro-intestinal 
tract was removed and a note was made of the appearance of the broad 
ligaments and uterine vessels. Then the entire tract (plus the anus 
and part of the rectum) was transferred to a mesh-covered frame 
which fitted accurately over an enamel tray. Various sizes of frame 
and tray were used, and the weight of each set was known. 

* I n some instances it was necessary (for the purposes of a different 
investigation) to inject into the lactiferous sinus a solution of gelatine 
coloured with Gierma, The injection was carried out immediately aftor 
removal of the gland. The quantity of fluid injected as well as its specific 
gravity was noted. 
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The adrenals and the thyroid gland were removed, cleaned of all 
adherent tissue and weighed. By this time an assistant had opened 
the skull. The brain was removed in its membranes and with the 
hypophysis intact. After the medulla oblongata had been severed 
transversely at the point of divergence of the restiform bodies, the 
membranes were carefully stripped off and the brain was weighed.* 
Both the pituitary and the pineal were removed, cleaned and weighed. 



Plate i.—Showing the method of measuring the uterus and tho vagina. 


After this the genital tract was again considered. The rectum, 
the bladder and all loose tissue were removed and the skin and 
muscular tissue around the vulva were trimmed, care being taken to 
ensure uniformity in all cases. The vagina and the Fallopian tubes, 
mesosalpinx and ovaries were detached, thus leaving the “ dressed 
uterus ”, the weight of which was then recorded. (In this, as in 
all similar procedures, the tray was placed on the scale, and the 
weight of its contents obtained by deducting from the recorded figure 
the weight of the tray and frame.) 

The vagina was weighed and, having been cut longitudinally in 
the raid-dorsal line, was laid out flat and its length and width were 
measured as indicated in plate 1. In determining the thickness 
of the vaginal wall, which was measured at the middle of the length 
line, the loose adventitious tissue on its outer surface was not included. 


* Here the weight of the small piece of bone-~dorsmn sellae of the 
sphenoid—which lies between the brain and the hypophysis, was included; 
however, the relative error is negligible. 
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Each Fallopian tube, having been freed from its mesosalpinx, 
was weighed. The length was measured and at the middle of this the 
diameter was taken. 

The ovaries were cleaned and were measured as follows: — 
Length (in a crnnio-eaudul direction), width (from side to side) and 
depth (in the sagittal plane). In each case the maximum measurement 
w*as recorded. The presence and appearance of Graafian follicles and 
corpora lutoa were noted and then each ovary was weighed. 

Attention was now transferred to the gravid uterus. The broad 
ligaments were severed in such a way as to allow of the organ being 
laid out as illustrated in outline in plate 1. Using a piece of twine 
the lengths of the greater and the lesser curvatures and the circum¬ 
ferences of the horns were measured. (See plate 1.) 

Starting from the tip of each horn, and using small blunt-nosed 
scissors to avoid injury to the underlying sacs, the uterine wall was 
incised along the greater curvatures. Any strain on the membranes 
due to their cotyledonary attachments was relieved by cutting through 
the peduncles of the maternal cotyledons. In this way the uterus was 
opened completely, leaving the entire foetal system exposed. 

At this juncture the situation and the posture of the foetus (visible 
through the membranes) were noted, as were details of the appearance 
of the allanto-chorion, the placenta and the uterine mucosa. 

After collecting* some allantoic fluid for chemical analysis, the 
allanto-chorion was slit open and the fluid was allowed to escape. 
Then the loss of weight was determined and from this and the 
specific gravity (determined in connection with the chemical investi¬ 
gation) the volume of allantoic fluid was calculated. This was 
repeated with the amniotie fluid. 

After a double ligature had been applied at its foetal extiemity, 
the umbilical cord was severed and the foetus removed. After the 
adherent mucus and amniotie fluid had been rubbed off its coat the 
loetus was weighed. Then is was placed on its right side, with its 
neck and back in the same straight line and with the long axis of 
the head at right angles to this line^ 1 ) Both the straight and the 
curved crown-rump lengths were measured (as shown in plate 2). 
After this the foetus was placed in a flat-bottomed dish in the posture 
described above and was coveied with fixing fluid. For foetuses under 
the age of 45 days Professor Darts solution ( 2 ) was used, while for 
all others the fluid employed was a 5 per cent, solution of neutralized 
formalin. Foetuses were allowed to remain in this fluid for a few 
weeks. 

* In order to obtain fluid free from any contamination or admixture, it 
was withdrawn through a hypodermic needle inserted into the sac. 

( l ) In very young foetuses this was made impossible by the curvature of 
the body and neck. In these cases the maximum straight measurement was 
recorded as the straight crown-rump length. 

( 2 ) Neutralised formalin . 300 mn. 

Sodium chloride. 75 gm. 

Tap water . 9,700 com. 

The neutralised formalin is prepared from commercial formaldehyde (40 
per cent, strength), to 1,000 ccm. of which is added 2 cem. of a N 10 solution 
of caustic potash. The precipitate is filtered off through pulp. 
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By replacement of the membranes upon the uterine wall the 
detached cotyledons were returned to their original situations. By 
severing their placental attachments flush with the surfaces of the 
maternal cotyledons, the membranes were removed and weighed and 
their volume was determined by the displacement method. It will be 
noticed that the umbilical cord was included with the foetal envelopes. 

After the weight of the empty uterus (i.e. the weight of the 
uterine wall plus that of the placenta) had been determined, the 
number of cotyledons in each half of the uterus was counted. For 
this purpose the line C—J (plate 1) was taken as the division between 
the two halves. 



The minute, very pale and non-functional cotyledons present in 
the tips of the cornua were not counted. In each horn the maximum 
diameter and height both of the largest and of an average-sized 
cotyledon were measured. In subjects pregnant for 59 days or more 
the cotyledons were removed from the uterine wall by cutting the 
mucosal penduncles, and their weight and volume* were determined. 
Then the uterine wall was weighed, after which it was again stretched 
out and the cervix was opened by a longitudinal incision. The 
procedure for determining the length, width and thickness of the 
cervix was similar to that described for the vagina. Notes were 
made of the amount and nature of the mucus contained in the cervical 
canal, while the appearance of the cut surface was also recorded. 
The length and thickness of the body and the thickness of the wall 
of each of the horns of the uterus were measured. All the points for 
measurement are indicated in Plate 1. 


By the displacement method. 
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By this time the adipose tissue in the mammary gland had set. 
In removing the covering skin those portions enclosing the teats 
were left in position. The weight of the gland was determined and 
where necessary this was corrected for the weight of injection fluid 
present in the lactiferous sinus. 

Later, as time permitted, the preserved foetuses were studied. 
The crown-rump lengths were re-measured to determine whether 
shrinkage had occurred. # In no instance was any appreciable 
difference observed. The dimensions listed and illustrated in Plate 2 
were measured. Then the external appearance of the foetus was 
studied, special attention being devoted to the appearance of hair 
and the development of the appendages. 

2. Treatment of the Data . 

A glance at the table.s in the appendix will indicate the 
variability of most, of the data relating to the genitalia, the fluids 
and the endocrines. In order to minimize this and to arrive at 
simpler indications of the growth processes involved the data were 
grouped into six monthly groups according to the stage of 
pregnancy (the non-pregnant ewes being considered to be 0 months 
pregnant. The means for the groups were calculated, and these 
were then tested by Pisherfls (1930) “ Analysis of Variance ” method, 
the Z-test being employed to determine the existence of significant 
differences, while the significantly differing groups were picked out 
by means of the f-test. 

Here it must be noted that due to the continuous nature of 
growth the differences within groups are not purely of an experi¬ 
mental nature, hence the accuracy of the tests is impaired. 
However, as the effect of the error is to obscure, significance (by 
increasing “ SD for a single observation ”) the results in the present 
work will not suffer adversely. 

As standards for significance weye taken the values of Z and t 
when P=0 05 (i.e. 5 per cent, probability) and when P — 0-01 (i.e. 
1 per cent, probability). A positive result at the former level (which 
already indicates definite significance) is indicated by x , while a 
similar result at the higher level of significance is indicated by x x . 

Tlie complete data are given in a series of tables in the appendix. 
In the text only the means for the groups are mentioned, these 
figures being employed in the graphs as well as the tables. In the 
latter are indicated the number of each group, the class (or 
description), and the number of ewes in the group. Then the mean 
for the group is stated, and this is followed by the results of the 
tests for significance. The latter are given in two columns, the 
first showing the results when each group is tested against the 
non-pregnant group, while the second indicates the results of testing 
each group against the one immediately preceding it. 

In that section dealing with the foetus the procedure outlined 
above was not followed. Details of the treatment in this, as well 
as in a few other special instances, are given at the appropriate places 
in the text. 
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The last point to be considered is the method of estimating 
the age of the foetus. As testing for “ heat ” was carried out once 
every twelve hours, the “ most probable ” time of onset of oestrum 
was taken to be six hours earlier than the time at which its presence 
was detected. As the services were regulated so as to ensure the 
presence of large numbers of' active sperms in the Fallopian tubes 
at the time of ovulation, fertilization was presumed to occur at 
the thirtieth hour after the onset of beat, it will be seen that this 
time is determined with greater ease by simply adding twenty-four 
hours to the time of detection of “ heat ”. The age of the foetus 
was calculated from the time of fertilization until the time of death 
of the mother, and this figure was then approximated to the nearest 
full day. 


CHAPTER 4,—OBSERVATIONS. 

(a) Genital Tract and Placenta. 

1. Vagina, 

in order to determine whether, during the course of pregnancy, 
there is definite growth of the vagina, the weight of this organ must 
be considered. The mean vagina weights in each of the six monthly 
groups are presented both in tabular and in graphic form (Table 3 
and Fig. 1). 


Weight of Vagina. 


! i 


Groups of Ewks. 

No. of 

Mean Vagina 

Significance Tests. 

No. 

ClftHH. 

Ewes. 

. 

Weight. 

1 

W. Group 1. 

W. Proceed. 
Group. 

1 

Non-preg. 

11 

Gram. 

22-45 



2 

1st month. 

12 

22-25 

— 


a 

2nd month. 

8 

18-88 

— 


4 

3rd month. 

6 

24-83 

— 

— 

5 

4th month. 

7 

27-29 

— 

— 

0 

5th month. 

5 

35-20 

XX 

X 


The most sinking feature of the table is tint, apart from the 
increase in the last month, all the variations are insignificant and 
may be due entirely to chance. Thus no importance is to be attached 
to the drop in weight in the second month. When this is disregarded 
it appears that during the first half of pregnancy the weight of 
the vagina remains unchanged. From the third month onwards 
there is to be detected an upward trend which, however, becomes 
definitely significant in the last month only. By the end of gestation 
the mean vagina weight has reached a level 50 per cent . above that 
of the non-pregnant, group. Of this increase almost 70 per cent . 
is added (luring the last month, the remainder being accounted for 
by the small but cumulative increases of the third and fourth 
months. 
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Fig. 1.—Weight of Vagina. 



Having demonstrated ail increase in mass, one may now consider 
the dimensions of the vagina with a view to determining the manner 
in which the additional substance is distributed. Length is 
considered in Table 4 and Fig. 2. 

Table 4. 

Length of Vagina . 


Groups op Ewes. 

No. of 
Ewes. 

Mean Vagina 
Length. 

Significance Tests. 

No. 

Class. 

W. Group 

W. Preced. 
Group. 

1 

Non-preg. 

11 

Cm. 

10*73 



2 

1st month. 

12 

11*08 



3 

2nd month. 

8 

11*80 

__ 

, . 

4 

3rd month. 

6 

13*33 

XX 

X 

5 

4th month. 

7 

13*43 

XX 


6 

6th month. 

5 

15*60 

XX 

XX 

: 
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Apart, from the absence of a drop in the second month, the 
genera] trend of this graph is similar to that of Fig. 1. Again 
there is little or no change in the first three groups, followed by a 
definite increase in the following months. However, in its earlier 
stages the upward trend here is fairly definite, with the result that 
the total increase, far from being practically confined to the last 
group, is spread more or less evenly over the last three months. 



Months of Ge#l"ah*on* 


When each group is compared with the one immediately 
preceding it, it is found that Group 5 does not show significance, 
whereas both Groups 4 and 6 do. This is to be expected from the 
marked flattening of the graph between the third and fourth months. 
For this no reason is apparent, and it might be that it is a 
discrepancy due to the manner of grouping. It is quite possible 
that with different grouping the shape of the graph between it> 
two extremities would be altered. 

The next dimension to be considered is the width (Table 5 and 
Fig. 3). 
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Table 5. 

Width of Vagina . 


Groups of Ewks. | 

__. i 

1 

No. of 
Ew<*8. 

Mean Vagina 
Width. 

Significance Tests. 

No. 

Class. 

W. Group 

1 . 

W. Preoed. 
Group. 

1 

Non-preg. 

11 

Cm. 

347 



2 

1st month. 

12 

339 

— 

— 

3 

2nd month. 

8 

2-92 

— 

— 

4 

3rd month. 

6 

400 

— 

X 

5 

4th nponth. 

7 

4-30 

X 

— 

6 

5th month. 

5 

640 

XX 

XX 


Fig. 3.—Width of Vagina. 
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Months of Gestation 


The shape of this graph bears a close resemblance to that of the 
weight (Fig. 1). The increase in width becomes significant in the 
last two months only. The positive result obtained when Group 4 
is tested against Group 3 is undoubtedly due to the accident of 
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a low figure in the second month, rather than co a marked increase 
in the third. As a result of the very ste.'p rise during the last 
month, the total increase in width an»mints to almost 100 per cent . 
of the width of the non-pregnant g' 'ip. 


Pig. 4.—Thicknr- < [ Vagina. 



Months of GeotaVion 


Figure 4 (thickness of vaginal wall) gives the impression that 
during pregnancy the vaginal wall is reduced steadily to half its 
original thickness. However, in Table 6 it is seen that not one of 
the variations is significant, and that all may be due to chance alone. 
This finding is due to the large degree of variation in the original 
data (see Appendix), in which consecutive figures in the same group 
are seen to differ by as much as 400 per cent . These widely differing 
figures are comparatively few. However, under the circumstances, 
all that can be said is that there is apparently a slight tendency 
for the thickness of the vaginal wall to be reduced during gestation. 

Discussion . | 

From a consideration of the length and the width of the vagina 
it becomes evident that, with the advance of pregnancy, the surface 
area of this or^an is increased. This must mean that the lumen 
of the vagina is enlarged. To a certain extent the reduction in 
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thickness contributes towards this increase in surface area. However, 
the main factor is undoubtedly the actual increase of vaginal 
substance. As there . is no internal pressure in the vagina the 
thinning cannot be due to passive stretching. There must be active 
re-distribution of the tissue-elements. These processes all indicate 
a slow preparation of the vagina for the stretching due to occur at 
parturition. It is presumed that the individual muscle fibres 
increase in size and become re-distributed to form a thinner layer. 

Table 0. 


Va gw a Th ickn ess . 


Groups of Ewes. 

No. of 
Ewes. 

Moan 

Vaginal 

Thickness. 

Significance Tests. 

No. 

Class. 

W. Group 

1. 

W. Preoed. 
Group. 




Cm. 



1 

Non-preg. 

11 

0-33 

— 

— 

2 

1st month. 

12 

0-30 

— 

— 

3 

2nd month. 

8 

0-28 

— 

— 

4 

3rd month. 

6 

0-25 

— 

— 

5 

4th month. 

7 

0-20 

— 

— 

6 

5th nrmth. 

5 

017 


— 


All these changes are recognisable upon macroscopic inspection. 
The vagina of the non-pregnant ewe is small and compact and 
ordinarily its lateral walls are in apposition. The labia of the vulva 
are firm and the opening between them is a mere slit, while the 
whole of the vaginal lumen is merely a potential space. The mucosa 
is smooth, only slightly moist and is usually pale. Posterior to 
the external urethral opening it ofyen has a pinkish-brown colour. 
During oestrum the mucosa becomes hyperaemic and some clear 
mucus is present on its surface, while there is a suggestion of 
increased turgidity of the vulval labia. 

For the greater part of the first month of gestation the picture 
resembles that of the oestral period. Probably this is the effect of 
the last “ heat ” period rather than of pregnancy. By the end of 
the first month the appearance is that of the anoestral period. This 
return to the less vascular “ inactive ” state probably accounts 
for the slight drops during the second month in Figs. 1 and 8. 

Not until the 110th day of gestation is it possible to observe 
definite departures from this state. At this stage the vagina has 
become loose and flabby, the labia of the vulva are soft and are no 
longer in close apposition. From now on these changes become 
more marked until at the approach of parturition the whole organ 
is soft and flabby and the lumen is large and fairly patent. In its 
anterior half a fair amount of white, cloudy and" viscid mucus is 
present, while the mucosa is pale and smooth. 
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2. Cervix. 

As the weight of this organ was not recorded separately, it is 
not possible to del ermine directly the changes in mass that may 
occur during the course of gestation. However, these may be deduced 
from a study of the dimensions of the cervix. 

Length is considered in Table 7 and Fig. 5. 

Table 7. 

Length of Cervix. 


Gnours or Ewes. 



Significance Tests. 



No. of 
Ewes. 

Mean 



No. 

Class. 

Length 
of Cervix. 

W. Group 

W. Preoed. 

... i 


1. 

Group. 




Cm. 



i 

Non-preg. 

11 

5-14 

— 

— 

2 

1st month. 

12 

5*23 

— 

_ 

3 

2nd month. 

R 

5-94 

X 

• ~( l ) 

4 

3rd month. 

0 

6-87 

XX 

X 

5 

4th month. 

7 

7-93 

XX 

X 

0 

5th month. 

5 

8*80 

XX 

. 

-<*) 


( 1 ) Here significance at P = 0*05 is just missed. 


Fig. 5.—Length of Cervix. 
















Wdtrh in 


prenatal growth in the merino sheep. 


It is seen that there is a definite increase, which is distributed 
evenly over the entire period of pregnancy. By the second month 
the increase has become significant and from now on during each 
month approximately equal amounts are added. This is indicated by 
the straight line which this portion of the graph assumes. 


Table 8. 
Width of Cervix. 


Groups of Ewes. 

No. of 

Mean 
Width of 
Cervix. 

SlGKIFIOANOE TESTS. 

No. 

Class. 

Ewes. 

W. Group 

1. 1 

W. Preced. 
Group. 

1 

Non-prog. 

11 

Cm. 

1-75 

_ 


2 

1st month. 

12 

212 

X 

X 

3 

1 2nd month. 

8 

1-68 

— 

X 

4 

3rd month. 

6 

1*92 

— 

— 

5 

4th month. 

7 

2-29 

X 

— 

6 

| 5th month. 

1 & 

2-98 

XX 

XX 



Month* of Gestation* 


The width (Table 8 and Fig. 6) does not exhibit this same regular 
growth. The peak in the first month is definitely significant. This 
is followed by a drop in the second month, the figure here being 
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slightly lower than that of group 1. From here onward there is an 
increase in width, the increment for each succeeding group being 
larger than that of the preceding one. By the fourth month the 
width is again significantly larger than that of the non-pregnant 
group. 


Table 9. 

Thickness of Wall of Cervix. 


Groups of Ewes. 


Mean 

Cervical 

Thickness. 

Significance Tests. 



No. of ! 



No. 

Class. 

Ewes. 

W. Group 

1 . 

W. Pieced. 
Group. 

1 

Non-preg. 

11 

0-39 



2 

1st month. 

12 

0-35 

XX 

XX 

3 

2nd month. 

8 

0-34 

XX 

— 

4 

3rd month. 

0 

0*28 

XX 

XX 

5 

4th month. 

7 

0-33 

XX 

XX 

6 

5th month. 

5 

0-55 

XX 

XX 


Fig. 7.—'Thickness of Cervical Wall. 
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reached. In the following two months there are definite increases, 
that for the last month being very large indeed. This part of the 
graph rises almost vertically. When compared with the figure of the 
non-pregnant, group all these variations are found to be significant, 
and in the last column of the table, Group 3 only fails to give a 
positive result: note the flattening of the graph at this point. 

Discussion. 

Before discussing these results it is necessary to consider some 
details concerning the uterine seal, the development of which appears 
to be closely associated with the changes in the w*all of the cervix. 
Only once (ewe No. 44320 at 130 days) was anything resembling a 
definite “ plug ” seen, hence the term “ seal ” is preferred, as it 
describes more accuratetly the appearance and distribution of the 
mucous secretion in the cervix. By the end of the first month of 
pregnancy small accumulations of mucus may be detected in the 
depressions between the cervical folds. This is more noticeable in 
the cranial portions of the organ. As the amount of mucus inc reases 
it appears to “ glue ” togethei the adjacent surfaces of the folds, and 
by the 45th day of pregnancy this sealing is complete and a small 
amount of free mucus is seen in the lumen of the cervix. This tends 
to collect in the more cranial portions of the organ, where the tissue 
is less tense and where the folds are small. Gradually the quantity 
of this cloudy, white, sticky mucus increases, and as this happens 
the free mucus is no longer found only in the cranial portion, but 
spreads in a caudal direction. At no stage of pregnancy was the 
mucus seal found to protrude at the external uterine os. 

Whereas the length of the cervix undergoes a steady increase, 
the width displays a sharp peak, followed firstly by a drop and then 
by a gradual increase. The first rise may be the result of dilatation 
of the cervix caused by an increased secietion of mucus during 
oestrum. As this effect passes off the organ returns to its contracted, 
dioestral state. Later the effects of pregnancy bring about a steady 
increase in the width of the cervix. This theory receives support from 
the fact that in the first month of gestation the thickness of the wall 
of the cervix is greatly reduced—just what would be expected to result 
from stretching of the organ caused by pressure in its lumen. As the 
seal substance accumulates in the cervix the stretching is intensified, 
hence during the third month there is a further decrease m thickness. 
After mid-term there is active growth of the organ, with a consequent 
increase in all dimensions. The thickened wall loses its firmness 
and becomes soft and slightly oedematous. These changes are first 
detectable at the 89th day of pregnancy. By this time the accumula¬ 
tion of mucus has increased the size of the lumen, and the whole organ 
appears enlarged, soft and spongy. At the 110th day these changes 
are more noticeable and due to the stretching and the accumulation 
of mucus the folds are well separated. Nine days later the canal is 
still more dilated and at this stage it is an easy matter to insert a probe 
into the cervix. At the 130th day the lumen has a diameter of 
0-5 cm. and at the 140th day this has increased to 1*0 cm. The 
whole organ is extremely soft and spongy and it appears markedly 
oedematous. The tense cervix of the non-pregnant sheep has now 
become loose and elastic and is capable of extreme dilation. 
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3. Body and Cornua . 

From a consideration of its curvatures an indication of the growth 
in length of the uterus is obtained. In Table 10 and Fig. 8 are 
to be found details concerning the length of the greater curvatures of 
both horns.* 

Table 10. 

Greater Currafvres of Cornua . 


GROUPS ok Ewkn. 


No. 

Class. 

Ewes. 

1 

. .v R 

nant 

Horn. 

W. j 
Group. 

1. 1 

w. 

Preoed. 

Group. 

preg¬ 

nant. 

Horn. 

| W. 
Group, 
i. 

w. 

Prooed. 

Group. 

1 

Non-prog. 

11 

cm. 

15-59 



cm. 

15-18 

i 

_ 

2 

1st month. 

12 

19-12 

— 

— 

17-58 

— | 

— 

3 

2nd month. 

8 

38-06 

XX 

XX 

34-25 

XX 

XX 

4 

3rd month. 

<1 

62-67 

XX 

XX 

50-17 

XX 

XX 

5 

4th month. i 

7 

74-86 

XX 

X* 

54-57 

XX 

— 

fi 

5th month. 

5 

100-(H) 

XX 

XX 

62-60 1 

1 XX , 

X 


* Significance at 1 per cent, level is just missed. 


Fig. 8.—Greater Curvatures of Cornua. 


.od 



-“I- 1 - 1 - 1 - 1 - 1 - 

o _I_ a 3 _4_ s 

Months oF Gestation 

* Here, and in all similar cases, in Group 1 the left horn has been classed 
as the gravid one (pregnant 0 days), while the right horn is regarded as being 
lion-gravid at 0 days. 


461 










PRENATAL GROWTH IN THE MERINO SHEEP. 


In the pregnant horn there is a steady increase throughout 
pregnancy. Significance is reached in the second month. The 
greater curvature of the non-pregnant horn also undergoes much 
elongation, although its graph always remains below that of the 
gravid horn. For the first three months the general trend of the 
two lines is very similar, although from their gradual divergence 
it is evident that the non-pregnant horn grows at the slower rate. 
In the last two months the latter curve flattens out considerably, 
making for much greater dissimilarity between the two curve*. 
The increments for the last two months are much more significant 
in the gravid horn than in the opposite one (see Table 10—second 
columns of significance tests). 

Table 11 and Fig. 9 show that, regarding the lesser curvatures, 
there are no marked differences between the two horns. The two 
graphs assume similar courses, with that of the non-gravid horn 
always just below the other. The amount of divergence, even at 
its maximum'(in the fourth month), is comparatively small. As 
is the case with the greater curvatures, here again significance is 
reached early on in pregnancy, i.e. in the second month. 


Fig. 9.—Lesser Curvatures of Cornua. 
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Table 11. 


Lesser Curvatures of Cornua . 


Groups of Ewes. 


Mean 

Length 

Preg¬ 

nant 

Horn. 

Significance Test. 

Mean 

Length 

Significance Test. 



No. of 



Non- 




■ 

Ewes. 

W. 

w. 

preg- 

W. 

w. 

No. 

ClttHH. 


Group. 

Preced. 

nant 

Group 

Procod. 




1. 

Group. 

Horn. 

1. 

Group. 




cm. 



cm. 



1 

Non-prog. 

11 

11-59 

— 

— 

11*18 

— 

— 

2 

1st month. 

12 

13*96 

— 

— 

13*63 

— 

— 

3 

2nd month. 

8 

22*81 

XX 

XX 

22*50 

XX 

XX 

4 

3rd month. 

6 

33*17 

XX 

XX 

32*83 

XX 

XX 

5 

4th month. 

7 

36*86 

XX 

— 

31*71 

XX 

— 

0 

5th month. 

5 

43*80 

XX 

XX 

39*80 

XX 

XX 


Fig. 10.—Circumferences of Cornua. 
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greater curvature outgrows the lesser, this being particularly 
noticeable in the last two months. The larger size of the gravid 
horn is due almost entirely to more extensive development of the 
greater curvature. 

A peculiar feature of both these graphs is the distinct flattening 
between the third and fourth months. Further, it will be noticed 
that only in the case of the greater curvature of the pregnant horn 
is Group 5 significantly larger than Group 4, and even in this 
instance the level of significance is lower than that of the immediately 
preceding and following groups. An apparent explanation for this 
anomalous behaviour will suggest itself later, when the volumes of 
the foetal fluids are studied. 

There is a fairly close resemblance between the graphs of the 
circumferences (Fig. 10) and those of the greater curvatures (Fig. 8). 
Again the line for the non-gravid horn lies below the other and 
diverges from it, slowly up to the third month and then more rapidly. 
After the third month the circumference of the non-pregnant- horn 
does not increase at all, whereas during the same time the monthly 
increments of the gravid horn remain definitely significant 
(Table 12). Here too the peculiar flattening of the curve, referred 
to above, is evident. In the pregnant horn it is of only slight degree, 
yet in the other horn it is most marked. 


Table 12. 

Circumferences of Cornua . 


Gkoups of Ewes. 

! 

1 

Moan 

Length 

Preg¬ 

nant 

Horn. 

Significance Test. 

Mean 

Length 

Significance Test. 

No. 

Class. 

No. of 
Ewos. 

w. 

Group. ! 
1. 

w. 

Preced. 

Group. 

Non- 

preg¬ 

nant. 

Horn. 

W. | 
Group. 
1. 

w. 

Printed. 

Group. 

. 

Non-preg. 

11 

i 

cm. 

5-05 



cm. 

5-23 



2 

1st month .... 

12 

6-87 

— 

— 

5-73 

— 

_ 

3 

2nd month. 

8 

18-75 

XX 

XX 

14-00 

XX 

XX 

4 

3rd month. 

6 

31-08 

XX 

XX 

23-00 ! 

XX 

XX 

5 

4th month. 

7 

37-57 

XX 

XX 

22-00 1 

XX 

— 

6 

5th month. 

ft 

45-40 

XX 

XX 

23-00 

XX 

— 


Discussion . 

It is only to be expected that with the advance of pregnancy 
there will be an increase in the size of the uterine horns. Here 
it is seen that during the first half of gestation both horns increase 
fairly steadily, with but a slight difference in favour of the pregnant 
horn. However, during the second half of pregnancy the horn in 
which the foetus lies completely outgrows the other, this being 
noticeable in both curvatures (not marked in the lesser) as well as 
in circumference. As a result of the uneven distribution of the 
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increase, the enlargement of the horns is accompanied by a change 
in shape. All these changes are well illustrated in the photographic 
plates presented by Curson and Quinlan (1934) and Curson and Mare 
(19d4). 


Fig. 11. - -Weights of Dressed Uterus, Empty Uterus and Uterine Wall. 










Weight' 


PRENATAL GROWTH IN THE MERINO SHEEP. 

The growth of the uterus in weight is considered in Table 13 
and Fig. 11. By the end of pregnancy the “ dressed 99 uterus has 
reached tin relatively enormous weight of approximately 6 Kg. 


Table 13. 

Weights of Dressed Uterus , Empty Uterus and Uterine Wall. 


Groups of 
Ewes. 

No. 

Mean 

Weight 

Dressed 

Uterus. 

Significance 

Tost. 

Mean 

Weight 

Empty 

Uterus. 

Significance 

Test. 

Mean j 
Weight 

Significance 

Test. 

No. 

Class. 

of 

Ewgk. 

w. 

Gr. 

1. 

w. 

Prec. 

Gr. 

w. 

Gr. 

1. 

w. 

Prec. 

Gr. 

Ute* 

rine 

Wall. 

w. 

Gr. 

1. 

w. 

Prec. 

Gr. 

1 

Non*prog.. 

11 

Gm. 

42-73 



Gm. 

42-73 



Gm. 

42*73 



2 

1st month. 

12 

65-92 

— 

— 

39-67 

— 

_ 

? 

? 

? 

3 

2nd month. 

8 

519-75 

X 

X 

202-75 

XX 

XX 

*1 

> 

? 

4 

3rd month. 

6 

2,128-67 

XX 

XX 

740-17 

XX 

XX 

221-00 

XX 

V 

0 

4th month. 

7 

3,026-57 

XX 

XX 

597-43 

XX 

X 

248-00 

XX 


6 

f)th mot. th. 

5 

5,880-80 

XX 

XX 

708-80 

XX 


442-00 

XX 

XX 

i 


Fig. 12.—Weight of Placenta. 
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Tlie graph rises but little in the first month, more in the second (at 
this stage the increase becomes significant) and then assumes an 
exceedingly steep slope. Between the third and fourth months there 
is a distinct flattening of the curve. Later it will be seen that this 
is caused in part by a decrease in the total volume of foetal fluid and 
in part by a drop in placental weight. 

The weight of the empty uterus is the sum of the weights of 
the uterine wall and the placenta. Details of the latter are presented 
in Table 14 and Fig. J2. For the first four months of pregnancy 
the course of the graph of the empty uterus is governed mainly by 
the weight of the placenta. Until the end of the second month 
there is a gradual rise, and then in the third month there is a sudden 
peak, followed by a drop. Meanwhile the weight of the uterine 
wall has increased steadily, but this has not been sufficient to 
influence to any great extent the weight of the empty uterus. In 
the last month there is a highly significant increase in the weight 
of the wall and as a result of this the graph of the empty uterus 
rises again to the level of the third month, in spite of the f&ct that 
at this stage the placental weight undergoes a further (but 
insignificant) reduction. 


Fig. 13.—Length of Body of Uterus. 
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Table 14. 

Weight of Placenta. 


Groups of Ewes. 

No. of 
Ewes. 

Mean 
Weight of 
Placenta. 

Significance Tests. 

No. 

Class. 

W. Group 

1 . 

W. Prooed. 
Group. 

1 

Non-preg. 

11 

Nil 


___ 

2 

1st month. 

12 

? 

— 

— 

3 

2nd month. 

8 

? 

— 

— 

4 

3rd month. 

6 

519 gm. 

XX 

? 

5 

4th month. 

7 

349 gm. 

XX 

X 

6 

5th month. 

5 

307 gm. 

XX 



The inn vase in .size of the uterus is not limited to its horns, but 
is also evident in the body. When it is remembered that the body 
is the portal through which the cornua communicate with each other, 
it is not surprising to find that in its increase in length (Table 15 
and Fig. 13) this portion ot* the uterus follows a course closely 
resembling, and more or less intermediate between, those observed 
in connection with the greater curvatures of the cornua. Here too 
a slight flattening of the curve in the fourth month of pregnancy, 
is observed. 


Table 15. 

Length of Body of Uterus . 


Groups of Ewes. 

No. of 
Ewes. 

Mean 
Length of 
Body. 

Significance Tests. 

No. 

Class. 

W. Group 

1 . 

W. Preced. 
Group. 




Cm. 



1 

Non-preg. 

11 

2-16 

— 

— 

2 

1st month. 

12 

2 07 

— 

_ 

3 

2nd month. 

8 

3-19 

* 

X 

4 

3rd month. 

6 

5-50 

XX 

XX 

5 

4th month. 

7 

0-71 

XX 

XX 

6 

, 

5th month. 

5 

8-70 

XX 

XX 


* Just misses significance at 5 per cent, level. 


From the fact that by the end of the second month of gestation 
the body is not yet* significantly longer than in the non-pregnant 
group, it is concluded that in this part of the uterus growth is 
initiated later than in the horns. In this connection it is to be 

# By how little significance is missed is indicated by the fact that Group 
3 is significantly larger than Group 2, which is but slightly lower than Group 1. 
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observed that during’ the first month there is no change from the 
non-pregnant state, in fact the mean of Group 2 is slightly (blit 
not significantly) lower than that of Group 1. 

In each of the three portions of the uterus (the two horns and 
the body) the thickness of the wall was measured. Details are 
presented in Table 16. In the column headed “ Total Groups M are 
tabulated the means of all the measurements recorded in each month, 
while in the Iasi line of the table are given the “ Averages ” for all 
the readings (throughout pregnancy) at each point. 


Fig. 14.—Thickness of Uterine Wall. 



When these data are analysed, by means of Fisher's Z-test, 
to show the effects of (a) stage of gestation (total groups), (h) position 
(in pregnant or non-pregnant horn or in body), and (c) interaction 
between stage of gestation and position, a positive result is obtained 
in the first instance only. From this it is concluded that the effect 
of pregnancy is to cause a reduction in the thickness of the uterine 
wall, that this influence is exerted evenly over the whole wall, and 
that in their response to this effect all three parts behave identically. 

The significance tests referred to in Table 16 are those concerning 
the “ total groups ”. These indicate that as early as the first month 
of gestation there is a significant reduction of the thickness of the 
uterine wall. In each of the following three months a further signifi¬ 
cant decrease occurs, so that by the end of the fourth month the 
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uterine wall has been reduced to one-third of its original (non- 
pregnant) thickness. In the last month there is an insignificant 
increase in thickness. This is caused solely by the high figures 
obtained at the 147th day, resulting from the general oedematons 
condition of all the genitalia at this stage. 


Taiile 1(5. 

Thickness of Uterine Wall . 


Groups of Ewes. 

No. of 
Ewes. 

Thickness of Uterine 
Wall. 

Total 

OroupH. 

Significance 

Test. 

No. 

(lass. 

Body. 

Prog. 

Horn. 

Non- 

preg. 

Horn. 

W. Gr. 

'• 

w. 

Proced. 

1 

Non-preg. 

11 

Cm. 

•46 

Cm. 

•45 

Cm. 

•40 

('111. 

•45 ; 



2 

1st month. 

12 

•39 

•38 

■38 

•38 

XX 

XX 

3 

2nd month.... 

S 

•29 

•30 

■30 

•30 

XX 

XX 

4 

3rd month. 

a 

■23 

•22 

•23 

■23 

XX 

XX 

5 

4th month. 

7 

■20 

17 

■18 

•18 

XX 

X 

6 

5th month. 

5 

•27 

•18 

•22 

•22 

XX 

— 


Avekagf.. 

■33 

•31 

■32 






Discussion . 

The small, pale and contracted uterus of the non-pregnant ewe 
changes during pregnancy. By the eighteenth day the horns appcur 
slightly putty and by its slightly larger size it is possible to distinguish 
the horn in which the ovum lias become implanted. At about this 
time the colour of the organ changes to a distinct pink and numerous 
very tortuous subserous bloodvessels become visible. As gestation 
progresses so these vessels become larger and less tortuous, the colour 
becomes redder, and the size-difference between the horns becomes 
much more distinct. After the 38th day there is also a change in the 
shape of the horns, this being the result of more rapid growth along 
the greater curvatures. Seven days later the uterine wall has a 
bluish-grey colour and the subserous vessels are large and pursue 
an almost straight course. The largest are to be found along the 
lesser curvatures, and from these branches run across the uterine 
horns at right angles to their long axes. By this time the walls have 
become markedly thinner and through them the outlines of the coty¬ 
ledons may be distinguished. From the middle of gestation the 
pregnant horn grows much more rapidly than its fellow and the dis¬ 
crepancy in size becomes so marked that towards the end of the 
fourth month the non-gravid horn has become merely an appendage 
of the other. At this stage the walls have become very thin and 
vascularity is pronounced throughout the organ. This state is 
maintained until the approach of parturition. At the 147th day the 
thickness of the wall is increased as a result of a general oedema of 
the genitalia. 
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In tlie non-pregnant uterus the mucosa is pale and but slightly 
moist. Early in pregnancy there is a slight reddening at the site 
of implantation and this spreads rapidly until at the 45th day the 
entire mucosa is markedly vascular. At this stage the epithelial 
lining appears to have been destroyed (at least the surface is not 
smooth and clear) and the surface is covered with a layer of dirty, 
greyish, sticky material. As a result of this the ullanto-ehorion 
is found to adhere to the inner surface of the uterine wall and in 
stripping it off care has to be exercised not to rupture the sac. This 
condition persists until midway through the fourth month, after 
which the epithelial lining appears to be restored, and with the 
disappearance of the slimy coating the mucosa is again smooth, fairly 
moist and of a light red colour At this stage the amount of adherence 
l^tween the uterus and the foetal sac is negligible 

4. Placenta. 

It has been seen (Table 14 and Fig. 12) that the weight of the 
placenta increases to a peak in the third month, after which it drops 
fairly rapidly. Tn an attempt to determine the cause of this behaviour 
the numbers and the sizes of the cotyledons have been studied. Details 
of the former are presented in Table 17 and Fig. 15. 


Fig. 15.—Number of Cotyledons. 
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Taiile 17. 

Number of Cotyledons. 




Moan Number of 


Significance 


Groups of Ewes. 

Cotyledons. 


Testa. 


j No. of 


— 

Total 

-- 



Ewos. 

Preg- 

Non- 

Groupw. 

W. 

w. 

No. 

( Maks. | 

nant 

prog. 


Group, 

Proced. 



Side. 

Side. 


1 . 

Group. 

1 

Non-preg. I 11 

46-64 

45-26 

46-00 

_ 

_ 

x 

1st month.,. ! 12 

44-17 

42-92 

43-54 

_ 

—.. 

3 

2nd month. j 8 

42-13 

37-63 

39-38 

XX 

X 

4 

3rd month. 6 

43-83 

39-33 

41-58 

X 

I — 

5 

4th month. 7 

37-71 

36-57 

37-14 

: XX 

1 X 

6 

5th month. 1 5 

43-00 

40-80 

41-90 

— 

X 

1 

AvEfwnE. ! — 

43-31 

41-02 



— 


Fig. 16.—Diameter oi Cotyledons. 



When these data are analysed in the manner described in connec¬ 
tion with the thickness of the uterine wall, it is found that there is a 
significant difference between the pregnant and non-pregnant sides of 
the uterus. The excess in favour of the former side is never great, 
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and falls far short of the figure (50 per cent.) mentioned by Berg- 
mann (1022) in his work on the bovine. From the tests it appears 
that there are significant differences at the various stages of preg¬ 
nancy. Here it must be remembered that ill the first two groups 
it was impossible to distinguish between functional and non-functional 
cotyledons, thus the figures given represent counts of all the 
cotyledons as compared with counts only of functional cotyledons 
in the remaining gioups. Hence it is not surprising to find 
that the numbers for the first two groups are higher than those of 
any other group. As this method of testing is open to criticism, it 
is more satisfactory to employ Group No. 3 (the first in which 
functional cotyledons are easily recognisable) as the standard for 
comparison. When this is done it appears that in spite of a fair 
degree of variation in the last four groups, none of the differences 
are significant. Therefore, the differences observed may be ascribed 
to unfair " counts in the first two groups, and it may be concluded 
that, whatever the true position regarding functional cotyledons in 
the first month (in Group 1 their number is nil), the observed varia¬ 
tions in the weight of the placenta are not caused by variations in 
the numbers of cotyledons. 


Table IS. 

Dio meter of Cotyledons. 



Groups of Ewes. 

; 

Moan I littinotor 
of Cotyledons. 


Significance 

Tests. 



No. of 



Total 

" 

— 



Ewes. 

I*rcg- 

Xou- 

Croups. 

w. 

w. 

^io. 

Class. 


mint 

preg. 

Group 

Preeed. 




Side. 

Side. 


1. 

Croup. 



i 

Cm. 

('ll). 

Cin.J 



1 

j Non-pregnant. 

. : 11 

•28 

■30 

•28’ 

— 

- 

2 

| Jst month. 

12 

•42 

•30 

•40 i 

— 


3 

2nd month. 

S 

1-86 

1-47 

107 1 i 

XX 

XX 

4 

j 3rd month. 

. : « | 

1 3-45 

3 24 

3 35 1! 

XX 

XX 

s ; 

| 4th month. 

• | 7 ! 

3 04 1 

2*94 | 

2-99 

XX 

X 

6 

’ 5th month. 

1 

• ”> 

3*00 j 

3*00 

3-00^ 

XX 

— 


i 

| Aver a< ik. 

i __ 

1 -63 

1*52 






• u—- 


— . - 



As a result of the above conclusion, it becomes necessary to con¬ 
sider the size of the cotyledons at the various stages of pregnancy. 
For this purpose two dimensions (diameter and height) have been 
studied. In each instance the average of the readings for the largest 
cotyledon in the horn and one representing the modal size of that 
horn, is employed. Details of these representative figures are pre¬ 
sented in Tables 18 and 19 and Figs. 16 and 17. Both these dimen¬ 
sions increase rapidly (becoming significant in the second month) 
up to the end of ihe third month.. After this their behaviour differs, 
the diameter dropping significantly in the fourth month and then 
maintaining its level in the fifth, whereas the height still increases 
(although insignificantly) in the fourth month and then undergoes a 
significant decrease in the last month of pregnancy. However, by 
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the end of gestation both dimensions are significantly lower than they 
were in the third month. It is clear that the placental weight is 
affected mainly by this change in the size of each individual 
cotyledon. 


Fig. 17.—Height of Cotyledons. 



Table 19. 

Height of Cotyledons. 



Groups of Ewes. 

; 

. 

Mean Height of 
Cotyledons. 


Significance 

Tests. 



No. of 



Total 










! 

Ewes. 

Preg- 

Non- 

Groups. 

W. 

w. 

No. 

Class. 


nant 

prog. 


Group 

Preced. 




Side. 

•Side. 

i 

1. 

Group. 




Cm. 

Cm. 

Cm. 



1 

Non-pregnant. 

11 

■15 

•16 

•16 

_ 

_ 

2 

1st month. 

12 

•16 

•15 

•15 

_ 

_ 

3 

2nd month. 

8 

•63 

•55 

*59 

XX 

XX 

4 

3rd month. 

6 

1*42 

1-37 

1*39 

XX 

XX 

5 

4th month... 

7 

1*50 

1-46 

1*48 

XX 

_ 

6 

5th month. 

5 

lie 

116 

1*16 

XX 

XX 


Aver 40 b . 

— 

•681 

•656 

— 


— 
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Discussion, 

It has been seen that during pregnancy the cotyledons increase 
enormously both in diameter and in height. Apart from this enlarge¬ 
ment there are other changes which may be observed macroscopioally. 
In the non-pregnant uterus the cotyledons appear to be arranged in 
four longitudinal rows. All are of I lie same size and are just visible 
as pinhead-sized brownish centres with pale peripheral zones. In 
dioestrum they are level with the surface of the mucosa, but during 
oestrum they become slightly swollen and elevated. Early in preg¬ 
nancy a change is evident and by the 21st day both the size of the 
central portion and the elevation of the cotyledon are visibly increased. 
During the next few days the brownish centre, previously concave, 
becomes flat and numerous pin-point red spots appear all over its 
surface. On the 27th day the cotyledon has the form of a small 
nodule under the epithelial layer of the uterus. Eour days later the 
central portion has a distinct red colour and a pitted appearance, 
while the periphery has become elevated to form a thin circular lip 
around the wide flat centre. From this time until the 80th day the 
cotyledon develops rapidly: it enlarges and the peripheral lip begins 
to curl inward, thus decreasing the size of the central cup and 
trapping the foetal cotyledon which has come to rest upon the surface 
of the cup. At the same time the base of the cotyledon becomes 
convex and detaches itself from the surrounding tissue to such an 
extent that finally the entire cotyledon is attached to the uterine wall 
merely by a thin mucosal peduncle. 

Al about the end of the third month the cotyledons appear to 
have reached their maximum development. The cups are small and 
the rolled-in edges resemble motor-tyres in mini attire. In some 
instances the cups tend to lose their circular shape and become 
elongated slits. From this stage onward fairly large blood clots of 
long standing are visible in the cups of the cotyledons. Apart from a 
tendency to decrease somewhat in size (partly due to a tighter rolling 
in of the edges) the cotyledons do not undergo further change until 
about the 140th day, after which the turned-in periphery relaxes and 
the whole cotyledon opens out flat with the central portion partially 
everted and covered with clotted blood. By the 147th clay most of 
the cotyledons resemble flattened reddish-black discs, while in a 
few the eversion has been so marked as to give the appearance of a 
mushroom (similar to the convex cotyledon of the bovine). At this 
stage the attachment of the membranes is not firm and they may be 
pulled away with ease. Usually the entile central portion of the 
cotyledon comes away, leaving an empty thin-walled cup. 

In the above description only the general appearance of the 
cotyledons at each stage has been mentioned. However, at one and 
the same time a variety of phases of development may be encountered. 
This is well illustrated in the accompanying plate (No. III). Develop¬ 
ment is initiated at the site of implantation and throughout tne 
progressive stage the largest and best developed cotyledons are to be 
found here. In the opposite horn growth is slower and the maximum 
is reached later. In both horns the largest cotyledons are found 
towards the centre, while the size decreases towards the apices and 
towards the body. In the latter only a few cotyledons are present and 
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these are hut poorly developed. During the last two mouths there 
is practically no difference between the cotyledons of the pregnant 
ana non-pregnant horns, although the differences at different 
situations in the horn persist until parturition. The smaller 
cotyledons, although slower in growth, appear to reach the sume 
stage of differentiation as the largest ones. 



Plate III.—Gravid uterus laid open to show cotyledons, pregnant horn on the 
right and cervix towards the bottom. 


The foetal part of the placenta also develops fairly early. At 
the 21st day of pregnancy dull white areas appear on the allanto- 
chorion wherever it touches the surface of the maternal cotyledons. 
A few days later these patches have become almost opaque and at 
the 31st day numerous closely grouped pin-point red spots mark 
out on these areas the size and shape of the central portions of the 
maternal cotyledons. At this time there is a very loose attachment 
of membrane to cotyledon. The red spots increase in size and 
coalesce, and small vessels can be distinguished running from these 
circumscribed areas to the umbilical cord. By the 45th day these 
areas have developed into thick discs firmly attached to the outer 
surface of the allanto-chorion. By this time there is a fair degree 
of adherence between the discs and the maternal cotyledons. From 
now on the edges of the latter curl inward to hold the foetal 
cotyledons firmly in position, thus completing the cotvledonarv 
attachment. 
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5. Fallopian Tube*. 

The lubes wete considered fioni (he point ot view of length, 
diameter and weight. For each of these characteristics an analysis 
similar to that described in connection with the thickness of the 
uterine wall, has been undeitaken and the results are presented in 
Tables 20-22. 


Tabu. 20. 

Letu/th of Fallopian Tubes. 


Groups of Ewes. 


No. ('lass. 


1 Noil-pregnant. 

2 1st month.... 

3 2nd month... 

4 3rd month ... 

.7 4th month ... 

fi 7th month.... 

\v KK4<;i 


Moan 

length. 


' V,,S - , Pn-g- 

Non 

mint 

pivv! 

Side. 

Null*. 



r n. 

Cm. 

11 

Jo-41 

1.7 0.7 

12 

1 .7 *.7.7 

1.7*88 

S 

IS-00 

1713 

r> 

1717 

17-OS 

7 

17 - 454 

17.77 

.7 

IS 0) 

17 in 


Mi-73 

Mi-37 


Significance 

Tests. 

Total 

(iroups. | V y . j y. 

(■roup | Prornl. 
I. Group. 


Cm. 


1.7-23 


1.3-72 


17-.7(1 

XX 

17 13 

\ 

17-01 

XX 

IK-2.7 , 

X\ 


T\nu. 21. 


/hamelet of Fallopian Tubes. 



Group* of Rues. 


Moan 

Diameter. 

. 

Significance 

Testa. 


- 

No. of 



Total | 

— 




Ewea. 

Hreg- 1 

Non- 

Groups. I 

w. 

W. 

No 

Claw. 

t 

nant | 

prog- 

I Group 

Precod. 




Side, j 

Hide. 


1. 

Group. 




Cm. 

Cm. 

Cm. 



1 

Non-pregnant. 

11 

•21 

•21 

■21 



.» 

1st month. 

12 

• 19 

•20 

•20 i 



3 

2nd month. 

8 

•19 

•19 

•19 



4 

3rd month..’ 

« 

•Ml 

•19 

•19 



.7 

4th month. 

.. 1 7 

•19 

■19 

•19 



6 j 

I .7 th month. 

.7 

-20 , 

•20 

•20 


- 

! 

! 

I Avkrack. 

1 

.. 

' -196 | 

•196 

i ~J- 

— 

L— 
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Table 22. 


Weight of Fallopian Tubes. 


Groups of Ewes. 

No. of 
Ewes. 

Mean 

Weight. 

Total 

Groups. 

Significance 

Tests. 

No. 

(Mas«. 

Preg¬ 

nant 

Side. 

Non- 
preg. 
Side. ! 

i 

W. 

Group 

1 . 

W. 

Preced. 

Group. 




Om. 

Gm. 

Gm. 



1 

Non-pregnant. 

11 

0-5227 

0-4773 

0-5000 

— 

— 

2 

1 st month. 

12 

0-4858 

0-5042 

0-4950 

— 

— 

3 

2 nd month. 

8 

0-5438 

0-5375 

0-5400 

— 

— 

4 

3rd jnontlu. 

0 

0-4750 

0-4017 

0-4083 


— 

5 

4th month. 

7 

0-5423 

0-5100 

0-5172 

— 

— 

0 

5th month. 

5 

0-5000 

0-5200 

0-5100 

— 

— 


Average. 

— 

0-5092 

0-5008 

— 

— 

— 


Fig. IS.—Length of Fallopian Tubes. 



14L 

o 


■J-*-1-h 

8 3 -f 5 

HonfKs of Gaitatfon • 


4T8 











J. II. L. CLOETE. 


In no instance is il possible to demonstrate any difference 
between the tube from the pregnant side and the opposite one. 
However, when the total groups are considered, significant variations 
are encountered. Here the last four groups are significantly longer 
than the first two, but show no real differences among themselves. 
This is illustrated in Fig. 18. From the second month of gestation 
the tube from the pregnant side is always slightly (but not 
significantly) longer than the other. 

Discussion. 

As the increase in length is not accompanied by an increase in 
weight, actual growth cannot account for the elongation. It is 
suggested that a certain amount of stretching of the tube occurs 
early in pregnancy when both curvatures of the horn are growing 
steadily. The reason why this stretching does not appear to cause 
a decrease in the diameter of the tube may be that the latter was 
measured at the middle of the length, whereas the stretching is likely 
to occur mainly at the uterine end of the tube. If mechanical 
stretching is the cause of the elongation, then the latter cannot be 
regarded as a true change of pregnancy, and it must be concluded 
that it is not possible to demonstrate that gestation has any effect 
on the macroscopic appearance of the Fallopian tubes. 

( b ) Foetal Mem hkanes and Fit i ns. 

1. Membra ties. 

'Hie weights tabulated in Table 23 are those of the two 
membranes combined. These data are presented graphically in 
Fig. 19. The reason for the omission of Group 1 is obvious. 

The membranes grow rapidly until the end of the third month; 
in the following month there is hardly any increase in weight, 
and then in the last month the rate of increase exceeds that of any 
of the previous months. Attention is directed to the flattening of 
the graph during the fourth month, this being similar to what is 
observed in connection with the growth of the uterus. 

Table 23. 


Weight of Foetal Membranes. 


Groups of Ewes. 

No. of 
Ewes. 

I 

Mean 

Significance Tests. 

No. 

i 

Class. 

Weight of 
Membranes. 

W. Group 

2, 

W. Preced. 
Group. 

2 

1 st month. 

7 

Gm. | 

6-94 

1 


3 

2 nd month. 

8 

60*70 j 

i * 

X 

4 

3rd month. 

ft 

115*58 

! XX 

X 

5 

4th month. 

7 

128*57 

XX 


ft 

5th month. 

5 ’ 

192*80 

XX 

X 


As at all times the volume of the membranes is very similar to 
their weight, the data for the former have not been analyzed. 
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Fig. 19.—Weight of Foetal Membranes. 



Discussion . 

It has been seen that the membYanes undergo an enormous 
increase in weight during pregnancy. However, the two membranes 
do not at all times contribute equally to this enlargement. At the 
ltith day of preguancy an elongated pale membrane is seen in the 
pregnant horn, but it is not till the 18th day that the two sacs can 
be distinguished. At this time the allantois is distended with fluid 
and it extends almost the entire length of the gravid horn. The 
amnion is just visible as a narrow crescent-shaped membrane closely 
investing the embryo, which is situated towards the middle of the 
length of the allantoic sac. Two days later the latter sac has 
extended into the body of the uterus and some distance along the 
non-gravid horn. At this stage this sac appears to be composed 
of a loose, velvety outer layer and a clearer inner one in which the 
blood vessels seem to be located. Of the latter there are two main 
sets, extending from the umbilical region to each tip of the sac, 
and from these small branches run across the inner surface of the 
sac. By the 25th day the narrow, elongated allantoic sac has reached 
almost to the apices of both uterine horns. At this time the amnion 
begins to enlarge slightly, but it is not until the 30th day that it 
stands away clearly from the foetus. 
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From now on the membranes increase in size and also in 
thickness. The bloodvessels enlarge and their branches become more 
numerous. At the middle of the second month opaque white flakes 
begin to appear on the surface of the allantoic membrane. These 
are seen first in the region over the foetus, from where they spread 
towards the tips. They are never so dense as to impair seriously 
the transparency of the membrane. Now too the necrotic tips of 
the allanto-ehorion are plainly visible. At the (>(>th day the amnion 
has enlarged to such an extent as to bring the central zone of its 
outer surface into direct contact with the overlying parts of the 
chorion. Thus the allantoic sac is divided into two compartments 
which communicate with each other and with the urachus by means 
of a narrow tube-like cavity. 

Until the 100th day both sacs are well filled with fluid, hence the 
the membranes are tense. After this time the same degree of distension 
is apparently not maintained, so that by the end of the fourth month 
the sac* appear slightly collapsed. Especially is this the case with 
the amnion. The membranes are now relatively thick and fairly 
strong. Till the end of gestation they remain colourless and more- 
or-less transparent. 



Months of Gestation 

(Noth.—A llantoic Volume is represented by the vertirul distance between the 

two lines.) 


2. Foetal Fluids. 

Details of the volumes of both the allantoic and the amniotic 
fluids are presented in Table 24. In Fig. 20 the upper curve 
represents the total volume of fluid while the lower one indicates 
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the volume of amniotic fluid. The allantoic volume is represented 
by the portion lying between the two graphs. The total volume 
increases rapidly until the end of the third month. This is caused 
mainly by the amniotic fluid, which reaches its peak in the third 
month. Although the volume of allantoic fluid increases during 
this period, the rate is comparatively slow. However, in the fourth 
month this rate is accelerated to such an extent that the increase 
in the allantoic fluid is sufficient to neutralize the effect of a rapid 
drop in the amniotic volume, and thus in this month the total 
volume remains practically unchanged. In the last month the 
allantoic fluid is doubled and as a result of this the total volume 
shows a distinct rise, in spite of the continued decrease in amniotic 
fluid. 


Table 24. 

Volumes of Foetal Fluids . 


Groups of Ewes. 


Moan 

Significance 

Tests. 

Mean 

Significance 

Tests. 

— 

--- - - 

No. of 

Vol. 


—- 

Vol. 

-- - 

-- 



Ewes. 

Allan- 

w. 

w. 

Amnio- 

W. 

w. 

No. 

riiiss. 


toic. 

Group i 

Preeed. 

tie. 

Group 

Preeed. 






Group. 


1. 

Group. 




ec. 



c.i* 



2 

1st month. 

9 

24 17 

_ 


1-5 

— 

- 

3 

2nd month. 

8 

93 63 

— 

_ 

112-69 

X 

X 

4 

3rd month. 

5 

185■20 

X 

— 

698 -(X) 

XX 

XX 

5 

4th month. 

7 

347-29 

XX 

— 

525-71 

XX 

XX 

6 

5th month. 

5 

702-00 

XX 

XX 

329-00 

XX 

XX 


In Table 25 it is seen that, as regards hydrogen ion concentration, 
there are differences between the two fluids; also in each fluid this 
concentration decreases with the advance of gestation. However, in 
both fluids this reduction is significant only in the second month, 
after which the variations are slight. These facts are illustrated in 
Fig. 21. 


Table 25. 


Hydrogen Ion Concentration of Fluids. 


Groups of Ewes. 

No. of 
Ewes. 

Mean 

pH. 

Allan¬ 

toic. 

Significance 

Tests. 

Mean 

Amnio- 

tic. 

Significance 

TestR. 

No. 

(.Mass. 

W. 

Group 

1 . 

w. 

Preeed. 

Group. 

W. 

Group 

1 . 

w. 

Preeed. 

Group. 

2 

1st month. 

6 

7-867 



8*500 



3 

2nd month. 

8 

7-329 

XX 

XX 

7-500 

XX 

XX 

4 

3rd month. 

5 

6-960 

XX 

_ 

7-180 

XX 


5 

4th month. 

7 

6-829 

XX 

_ 

7-143 

XX 

_ 

6 

5th month. 

5 

6-860 

XX 

— 

7-080 

XX 

— 
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Fig. 21.—Hydrogen Ion Concentration of Foetal Fluids. 
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The specific* gravity of the fluids is considered in Table 26. 
Due to insufficient data for the first month, Group No. 2 had to be 
omitted. All that may be concluded from these figures is that the 
specific* gravity of the allantoic fluid is always higher than that 
of the amniotic. All other variations, even the apparent steady 
downward trend in the case of the amniotic fluid, are insignificant. 


Table 26. 

Specific Gravities of Fluids. 


1 

Group op Ewes. 

: 

No. of 
Ewes. 

Mean Specific Gravity. 

No. 

Class. 

Allantoic. ! 

Amniotic. 

3 ! 

2 nd month. 

• 6 

1 0076 

1*0045 

4 

3rd month. 

5 

1-0123 

1-0042 

5 

4th month... 

7 

1*0127 

1-0043 

6 

5th month. 

5 

1*0114 

1-0026 
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Discussion. 

In the failure of the total volume of foetal fluid to increase 
during the fourth month of pregnancy lies the explanation for the 
peculiar flattening observed in most of the curves dealing with 
growth of the uterus and its parts. Apparently to some extent 
enlargement of these parts is dependent upon the stretching effect 
of the foetal fluids. Moreover, at this time, the fluids constitute 
a very large proportion of the weight of the entire foetal system. 
These facts make it clear why in its growth the uterus should 
follow a course resembling closely that of the increase in volume 
of the fluids. 

Both as regards hydrogen ion concentration und specific, gravity 
the fluids differ one from the other. In other physical properties 
these differences are also recognizable. In the early stages of 
pregnancy both fluids are clear, colourless and watery. This is 
maintained until the 45th day, at which time the allantoic fluid 
turns slightly cloudy. During the following two weeks this 
turbidity becomes more pronounced and a lemon tinge appears in 
the previously colourless fluid. This becomes more intense and 
then gradually changes to amber. At the 81st day it is difficult 
to decide which of the two colours is present, but a week later 
there is no longer any doubt. The bright amber colour then seen 
darkens into a golden brown, which shade is encountered throughout 
the remainder of the period. The turbidity previously mentioned 
increases until the end of the third month, as does tile viscosity. 
During the last two months the fluid again becomes watery, clear 
and practically transparent. 

In the amniotic fluid the lemon tinge is visible at the 52nd day. 
Within a short time it has changed to amber, but the latter shade 
is never very deep. During the fourth month the amber colour 
disappears and the fluid acquires a very light green colour. In 
the meantime the viscosity and the turbidity have increased so 
that by the end of the fourth jnonth the amniotic fluid is thick 
and “ syrupy 99 and very cloudy. The colour varies from a pale 
green to a dirty white. During the later stages a fair amount of 
meconium is found in the amniotic fluid. 

(c) Koetvs. 

All details regarding age, weight and dimensions of the entire 
series of foetuses are presented in tabular form in Appendix A. 
The trends of the growth processes exhibited by these observations 
are best studied through the process of curve-fitting. In order 
not to complicate the text with statistical technicalities all details 
of the procedure adopted have been relegated to Appendix B. 

1. Growth in Weight. 

MacDowell et al (1927) maintain that when for a series of 
foetuses the natural logarithms of age are plotted against those 
of the corresponding weights, a straight line distribution results. 
However, in their work age is calculated not from the moment of 
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i’ertilizatiun of the ovum, but from the time of formation of the 
“ embryo proper "So distinct is the linear trend of the data in 
Fig. 22 that one is led to surmise that, in spite of the difference 
in the method of computation of age, here too the general type 
of MaeDowell’s formula will hold good. Moreover, it is possible 
to fit such a line to the data and to obtain a result significant at 
1 per cent, probability. Nevertheless, the points representing the 
actual observations are not evenly scattered about this straight line. 
When, by the use of anti logarithms, a weight-age curve is 
constructed from the formula, it becomes quite evident that the 
formula in question does not give a good representation of the trend 
of the data. Towards the latter end of the period the curve rises 
much too steeply and thus passes well to the left of all the actual 
observations. 


Kig. 22.—Niltn nil Logarithms of Weight plotted against those of Age. 



* Probably the stage with the primitive axis established and with the 
formation of somites just commencing. 
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In view of the above it becomes necessary to test the 44 fit ” 
of a parabola. The regression formula obtained is: — 

Loge Wt - 9-2167 Log 0 Age - 0-4652 (Log*. Age) 8 - 25-8778, 

and the continuous line in Fig. 22 is drawn from it. Both factors 
and h 2 (see Appendix B) are highly significant (at P- -01), while 
the coefficient of variation is 20*07 per cent., which is 4 per cent, 
lower than that of the straight-line formula. Both in Fig. 22, and 
in the weight-age curve in Fig. 23, the actual data are well 
scattered around the curves, indicating that the formula from which 
these curves are constructed gives a true representation of the trend 
of the data. The figure for the coefficient of variation (20 per cent.) 
is still high, but, in view of the large variations in the original 
data (see differences in weights of foetuses of identical age) this is 
only to be expected. Fitting to a further degree will certainly not 
bring about any improvement and will only serve to complicate the 
for Aula. 

It is concluded that the age and weight data obtained from 
the series of Merino foetuses are best fitted by a curve of the second 
degree. This type of formula produces a curve with two inflections, 
the first convex, and the second concave to the axis. In Fig. 23 
the second inflection is not distinct. Nevertheless the retarding 
effect of the factor “ 0-4652 (Log,. Age) 2 ” is evident in the widening 
and flattening of the curve during the latter part of prenatal life. 

The presence of the second inflection is of importance; never¬ 
theless it has either not been recognised or its significance has not 
been appreciated and has thus not been stressed. It has been 
customary to look upon the prenatal growth curve as one continuously 
rising and joining on to the initial pari of the postnatal curve 
without any significant break. Now, however, it becomes apparent 
that, at least in the case of the Merino foetus, the prenatal growth 
curve has both accelerated and retarded phases and that, if these two 
phases together constitute a “ growth-cycle ”, then it must be 
concluded that one such*cycle is completed before the birth of the 
lamb. 

It has been shown by Xcammon and Calkins (1923) that growth 
in length of the human foetus is best represented by a curve of 
the second degree. This appears to support the above conclusions 
and thus suggests that the growth of all foetal dimensions follows 
a similar trend. This surmise will be tested later in this work. 

Seammon (1922) maintains that there is no sudden change in 
growth at the time of birth, but that the transition is gradual. 
Kislovsky and Larchin (1931) state that in the bovine there is little 
difference between the relative growth-rates just before and just 
after birth. From the above it is to be concluded that there arc 
no abrupt changes of direction of the curve at the time of birth. 
It is a feature of the curve described that the second inflection 
makes it possible to link up pre- and post-natal curves in a manner 
which satisfies the above conditions. 
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Fig. 23.—Growth in Weight. 
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It. must be stressed here that thus far absolute growth has been 
under consideration. The curves mentioned are of a cumulative 
nature and indicate at each age the summation of all the gains up 
to that stage. They illustrate the course of growth in weight. For 
comparative purposes it is desirable to lie able to express these 
values as relative or percentage figures. In order to avoid the 
fallacious computations so often encountered in works of this nature, 
it is essential to remember that, by virtue of the constantly changing 
mass of the growing foetus, it is impossible to arrive at a true 
determination of the percentage growth-rate through any calculation 
based upon the “ simple interest ” conception. The errors intro¬ 
duced by such methods are exposed by Brody (1927a), who shows 
that the rates mentioned by Minot (1908) are all too high and that 
the exaggeration is greatest when the rate is highest and when 
the time interval between successive observations is long. 

The growth process is best likened to the increase of capital set 
out at interest which is being compounded instantaneously, i.e. the 
increment for one instant forming part of the capital for tin* 
following instant. However, the rate of interest (which is the 
percentage growth-rate) does not remain fixed, but is subject to 
change during the course of prenatal life. 

Brody (1927a) appears to have been the first investigator to 
appreciate these facts. By recourse to the calculus he is able to 
demonstrate that the graph resulting from the plotting of the natural 
logarithms of weight against age actually represents the trend of 
the instantaneous growth-rate, and that the slope of the curve at 
any point is an indication of the growth-rate at that moment. 

From the data at his disposal Brody (1927 b) concludes that 
such instantaneous growth-rate curves are composed of several 
segments set at varying and decreasing slope. Thus he maintains 
that the growth-rate remains steady over a considerable period and 
then changes abruptly to a lower level. 

In Fig. 24 is presented the curve for instantaneous growth- 
rate of the Merino foetus. The dots represent the actual observations 
while the continuous line is drawn through points obtained by 
plotting weight values calculated from the formula previously 
mentioned. It is observed that the resulting graph is a smooth curve 
concave to the axis of the figure. This is contrary to Brody’s 
findings, for here there is no evidence of straight segments. Here 
the decrease in the rate of growth is spread evenly over the entire 
period and is not limited to certain very short and well defined 
intervals. It is hardly likely that the difference in these findings 
is attributable to the species on which the observations have been 
made. Not only does Brody’s work cover a wide range (the rat, the 
guinea-pig, the chick and man) but also regarding the bovine similar 
results are claimed by Kislovsky and Larchin (1931). On the other 
hand, in their work on the mouse MacDowell et al (1927) present 
a curve almost identical with that in Fig. 24. There is much point 
in these authors’ criticism of Brody’s work, namely that the data 
on which he relied were unsatisfactory and that he failed to realise 
that any curve may be approximated by a series of straight lines. 
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Both Brody and Kislovsky and Larchin merely plot their data on 
arithlog paper and then draw their straight lines by inspection. 
Brody (1927a) actually claims for this method the special merit 
of keeping the normal trend of the data more prominently under 
consideration, as compared with the tendency in the method of least 
squares of stressing the deviations from this normal trend. How¬ 
ever, his arguments do not appear to affect the present situation, 
in which both the actual data and the “ fitted ” data are plotted. 
When it is observed that the numbers of observations in Brody’s 
and in Kislovsky and Larchin’s works are limited, and that there 
are fair deviations from the actual lines drawn, then it must be 
realised that their conclusions are open to criticism. 

Fig. 24.—Curves showing Jnstantaneons Growth-rate and Average Percentage 
Rate of Growth in Weight. 



It is significant, that in the present investigation and in 
MacDowell’s work, where efforts have been made to limit the factors 
likclv to cause variations in foetal weight aud where relatively large 
numbers of observations have been recorded, smooth curves are 
obtained. Further, it is apparent from Fig. 25 that when the 
chance deviations from the general trend are eliminated then the 
plotted points all fall directly on a smooth curve. 
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It must be concluded that the weight of evidence is against 
the occurrence of abrupt “ breaks ” in the growth-rate. In the 
sheep definitely (and most probably in other mammals too) the 
rate decreases in a steady and regular manner throughout the course 
of prenatal life. 

The instantaneous relative growth-rate (designated K) may be 
calculated on a daily basis from the following formula: — 

K = Lo Si3 “I l °8» w i 
T 2 - T, 

where W 2 and W, are the foetal weights at the ages T- and T, days 
respectively. 

The figure obtained is an average value over the period r J\ to T 2 
days. As it has been noted that the rale of growth is changing 
continuously, the value obtained will vary somewhat with the 
length of the period (T a -T,). The amount of variation will not be 
large. However, for comparative purposes it will be better to keep 
the period constant for all such calculations. 

By multiplying the value of K by 100, the rate may be 
expressed as a percentage, thus: — 

Instantaneous (Average) Percentage rate per day - 100 xK 

h -: Log,_w. x 100 

Tjj — T, 

_ In Table 27 are tabulated such percentage rates euleulated over 
periods of five days at twenty day intervals throughout the foetal 
period. 


Table 27. 

Growth-Rates.—Per dent. Per Day. 



Age. 

Value of K. 

Percentage per day. 

Days— 

2(5. 

i 

Per cent. 

20 to 

0-2824 

28-24 

40 to 

46. 

0-1350 ! 

13*60 

60 to 

66 . 

0-0860 

8*60 

80 to 

86 . 

0-0620 

6*20 

100 to 

105. 

0-0479 

4*79 

120 to 

125. 

0*0387 

3*87 

140 to 

145. 

0*0323 

3*23 


The table indicates clearly that the percentage rates calculated 
by Minot (1908) and others, which run into several hundred per cent., 
are excessively high and that the drop in the earlier stages is not 
nearly as exaggerated as these workers lead one to expect. The 
rates are comparable with those calculated by Brody (1927b) for 
the rat (53 per cent.), the guinea-pig (10 per cent, to 4-6 per cent.) 
and the human being (8 per cent, to 1 -25 per cent.). It is also 
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interesting to note that Brody (19276) calculates the percentage 
daily growth-rate of the sheep during the first few weeks of post¬ 
natal life to be approximately 2 per (tent., which is only slightly 
lower than that given above for the 140-145 day period, thus lending 
weight to the contention that the incident of birth is not accompanied 
by any drastic change in the growth-rate. 

2. Growth in Length. 

In view of the conflicting opinions as to the best method of 
determining the length of foetuses, and the fact that these opinions 
all rest upon a theoretical basis, it has been decided to consider here 
a few of the most usual methods, and from the results of statistical 
tests to conclude which are the most useful as a guide to foetal linear 
development. All the dimensions considered are described in 
Chapter 3. 

Fig. 25.—Growth of Straight Crown-rump Length. 
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The data for straight crown-rump length are best fitted by a 
curve of the second degree having the formula: — 

Logo O.R.(s) 6-1145 Logp Age - 0*4901 (Log e Age) 2 - 14*4240. 

This curve is definitely significant at the 1 per cent, level of 
probability, while the coefficient of variation is 7‘51 per cent. In 
Fig. 25 it will be seen that the data are well distributed about this 
line. Further, it is noticed that the second inflection is not very 
distinct and that the curve does not resemble an elongated “S’' 
as stated bv Curson and Malan (1935). However, it approximates 
fairly closely to Draper’s (1920) guinea-pig curve. 

In Fig. 26 is presented the instantaneous growth-rate curve 
of straight crown-rump length. Again the curve is smooth, without 
any abrupt breaks and lies concave to the axis of the graph. In 
general shape it conforms closely to that of the weight data. 


Fig. 26.—Curve for Instantaneous Growth-rate of Straight 
Crown-rump Length. 



Details of the percentage growth-rate of this dimension are 
tabulated in Table 28. It is noticed not only that this rate is lower 
at each stage than that of the weight, but also that the decrease 
m the rate towards the end of foetal life is much more exaggerated 
here. As a result of this greater “ slowing down ” in linear growth 
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the second inflection of the growth curve huts been appreciated by 
workers who have failed to detect its existence in connection with 
weight data. 

Table 28. 

Growth Kates.—CM. (*) Per Cent. Per Day 


Age. Value of K. Percentage per day. 

Bays— j Per cent. 

20 to 25. | 1370 13 -70 

40 to 45. 1 *0575 5-75 

60 to 65. ; 0330 3-30 

80 to 85. 0217 2-17 

100 to 105. ! 0154 1-54 

120 to 125. ! 0114 114 

140 to 145. -0088 0-88 
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The second dimension to be considered is Gurson and Malan’s 
(1936a) curved crown-rump length . The best-fitting curve is a 
parabola similar to those already considered. The formula is: — 
Log 0 C.R.(c) = 4'4128 Log P Age - 0*3311 (Log P Age) 2 - 9*7855. 

Although the significance iB marked, the coefficient of variation 
is 10*34 per cent. In Fig. 27 the data are less evenly distributed 
than those of the straight crown-rump length. Thus one concludes 
that in spite of the theoretical advantages of the curved over the 
straight line, the latter, when measured according to a set plan, 
is the less variable and hence the more useful of the two. This 
had already been indicated in the work of Malan and Gurson (1936a) 
in whose weight-length diagrams the curved measurement gave a 
less satisfactory “ fit " than that obtained with the straight line 
dimension. 


Fig. 28.—Growth of Length of Back-line. 





J. H. L. CL0ETE. 


Undoubtedly a fair proportion of the variation of this measure¬ 
ment is directly attributable to the difficulty of taking precise 
readings when one of the landmarks is as vague as the “ root of 
the tail Apart from this technical difficulty there is the fact 
that this dimension is affected not only by growth in the direction 
of the long axis of the body, but also by growth at right angles to 
this axis, i.e. in the length of the head. It is difficult to see how 
such a “ composite '’ line can be expected to represent satisfactorily 
the linear enlargement of the body. 


I«’ig. 29.—Growth of Length in the Vertebral Column. 



The data obtained are plotted in Fig. 28, in which the continuous 
line has been drawn to the formula: — 

Log t . Black-line = 4*1210 Log ( » Age - 0*2687 (Log e Age) 2 - 10*0894. 
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This formula is highly significant even at the 1 per cent, level 
of probability. In this instance the coefficient of variation is 
4*93 per cent., which must be regarded as extremely satisfactory. 
However, in the determination of this dimension the root of the 
tail is again the caudal landmark. Consequently it is not surprising 
to find that by measuring the length of the entire vertebral column 
( i.e. the foregoing length plus the tail) the coefficient of variation 
can be reduced to 3*8 per cent. The formula for this curve, shown 
in Fig. 29, is: — 

Log,. V.C. - 4*3948 Log,. Age - 0*2949 (Log,. Age) 2 - 10*4383. 

The tests for significance yield positive results at the level of 

P 01. 

This dimension differs from Mali’s (1910) “ vertebral column 
length ” for the human being in that in the latter the length of 
the tail is disregarded. In the sheep foetus the tail is relatively 
long, hence, perhaps, its greater importance. However, it appears 
that the slight superiority of the vertebral column length over the 
back-line is the result of greater accuracy in the measurement of the 
former, due entirely to the fact that in this case both landmarks 
are specific. 

In Table 29 are tabulated details of the percentage growth-rate 
of the vertebral column length. The corresponding figures for the 
back-line resemble these very closely. 


Table 29. 

I’.r. Length , Per Cent. Growth-Hate. 




: 

Days. 

Value of K. 

I Percentage per day 

Days- 




Per cent. 

20 

to 


0 1004 

10-94 

40 

to 

45. 

0-0496 

4-96 

60 

to 

65. 

0-0304 

3-04 

80 

to 

85. ; 

1 0-0212 

2-12 

100 

to 


0-0159 

1-59 

120 

to 

125. 1 

| 0-0126 

1-26 

140 

to 

145. 

0*0102 

1-02 


In Fig. 30 is presented the instantaneous growth-rate curve of 
this dimension. The actual observations follow* very closely the 
smooth curve drawn from calculated lengths. Again there is no 
suggestion whatsoever of straight segments with sudden “breaks *\ 
The shape of the curve is similar to that obtained with the weight 
data; so too is the graph of average percentage growth-rates which 
is also plotted in Fig. 30. 

It is found that the trend of growth in all four of these linear 
dimensions is best represented by curves of the second degree. In 
no instance is the second inflection at all distinct.. There is a fair 
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degree of similarity in the average percentage growth-rates of these 
dimensions, and at each period they are all w*ell below the rate 
of growth in weight. 

Considering the coefficients of variation of these lines it is 
found that the vertebral column length and the back-line are the 
least variable, and hence the most useful dimensions. The straight 
crown-rump length is slightly inferior to them, but it is especially 
useful in connection with foetuses youuger than 35 days, in which 
the first two dimensions cannot be determined with any degree of 
accuracy. 

Kig. 30.—(’lines for Instantaneous Growth-rate and Average Percentage Hate 
of Growth of Length of Vertebral Column. 



The curved crown-rump length is definitely the least useful 
of the measurements considered and, remembering the other 
criticisms of this line, may be discarded. 

It is to be noted that the coefficient of variation of this discarded 
line is only half that of the weight-curve, while regarding vertebral 
column length this fraction is reduced to one-fifth. These findings 
are contrary to the assertion of, Curson and Malan (193 Cmi) that 
“ weight and length are equally variable ”. Hammond's (1927) 
statement that “ weight is more variable than length ” is applicable 
with equal force to the foetal, as well as the post-natal period of 
animal life. 
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3. Weight-Length ” Ratio 

In studying the Weight-Age and Length-Age curves just 
described, it is found that when the weight of a particular foetus 
lies above the trend line, the point representing the length of that 
foetus also tends to fall above the smooth curve. This suggests that 
there may be a distinct correlation between these two characteristics 
and that it may be profitable to calculate for each foetus the weight- 
length ratio, and to study the trend of this ratio with a view to 
determining whether it would not prove less variable than either 
of the two dimensions from which il is calculated. 


Kig. 31.—Relation between Woight-Length Ratio and Age. 
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Although it lias been proved that the length of the vertebral 
column is the least variable of the length measurements, it is felt 
that, on account of its total disregard of the head, this dimension 
is not the most suitable for the purpose of calculating a weight- 
length index, Consequently, the straight crown-rump length is 
preferred, and in each instance this measurement in centimetres is 
divided into the weight in grams. 

In Fig. 31 it is shown that the plotting of the natural logarithms 
of these indices against those of the corresponding ages results in 
a straight-line distribution. The continuous line in the figure is 
drawn to the formula: — 

Log, W. L. Ratio 3-3025 Log, Age-11 *8444, 

which is highly significant, but has a coefficient of variation of 
17*3 per cent. It is quite evident that the computation of this 
index will not serve any useful purpose. 

Figure i* inserted mainly to indicate that the formula 
mentioned does actually represent the true trend of the data and 
that the large coefficient of variation is due entirely to occasional 
marked deviations from this general line. 

4. Regional Growth . 

drouth of the body as a whole is merely the sum total of growth 
of all its component parts. If the rates of growth of all these parts 
were identical the body would increase in size without in any way 
changing its shape or its proportions. However, it is well known 
that this is not the case, and that growth and moulding of shape 
proceed hand in hand. Regarding the sheep foetus this is well 
illustrated in an admirable chart presented by Curson and Malan 
(1935). Here outline sketches of a series of foetuses have been 
constructed to such scales that in every instance the height at the 
withers (i.e. the vertical distance from withers to tip of toe) is 
identical. With their background of squared paper these 
illustrations allow of a full appreciation of the changes in proportion 
which accompany the growth in size of the foetus. It is surmised 
that such changes must be attributable to differential regional 
grow th-rates. 

In an effort to test this hypothesis in a statistical manner, and 
to obtain some idea of the mode and sequence of operation of these 
differential rates, a number of linear measurements in different 
regions of the body have been recorded. When the trends of these 
data are studied it is found that in each instance the best fitting 
curve is a parabola with the general formula: — 

Log, Dimension = a *+ d Log, Age + c (Log, Age) 2 , 

in which </, h and e represent constants which differ for each 
dimension considered. The values of these constants are tabulated 
in Table 30, in which are also indicated the coefficients of variation 
and the results of the tests for significance. Regarding the latter 
X indicates significance at the 5 per eent., and X X at the 1 per cent, 
level of probability. 
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Fig. 32 .—Change of Weight-Length Ratio with Foetal Age. 
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Table 30. 

Constants for Formulae for Growth of Regions. 


Dimension. 

mm 

gMj 

■n 

Coeff. Var. 

Significance. 

Length of head.... 

-16-3521 

+6-8463 

-0*6100 

8-76 

XX 

Longth of nock.... 

-\ 3*6166 

-2-2939 

+0-4114 

16-71 

— 

Length of trunk... 

18-9550 

+7-8031 

-0-6635 

4-07 

XX 

Length of tail. 

-13*4313 

+5-0861 

-0-3609 

9-75 

XX 

Length of f. limb.. 

-15*3832 

1-5*9662 

-0*4289 

4-72 

XX 

Length of h. limb.. 

-17*5845 

f-6-8646 

-0-5128 

4-88 

XX 


Fig. 33.—Length of Head. 



In all but one dimension the values of the constants are 
strikingly similar, the coefficients of variation are well below 
10 per cent., and significance is marked. The curves drawn to these 
formulae are presented in Figs. 33 to 37. Most of these curves 
resemble closely those previously encountered. In the case of the 
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The striking exception is the neck. Here the figures are greatly 
at variance with those of the other dimensions. The signs of the 
constants have also been reversed, thus the inflections of the parabola 
constructed from this formula will be inverted, i.e. the first will 
be. concave, and the second convex to the axis of the figure. Had 
this curve, been significant there would have arisen the difficulty 
of explaining why of all these regions, the neck should follow such 
an unique growth-trend. However, it is found that the coefficient 
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of variation is over 10 per cent, and that both factors b j and b 2 
(see Appendix 11) are totally insignificant. This indicates that the 
degree of variation in the original data is such as to make it 
impossible to construct a curve which will represent accurately the 
trend of these data. It must be remembered that the length of the 
neck was obtained by deducting from the hack-line the length of 
the trunk. From the above results it is concluded that this is not 


P'ig. ‘to.—Length of Tail. 
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a satisfactory method of estimation. Consequently this apparently 
conflicting evidence is disregarded, and so far the hypothesis that 
the growth-trends of all regions follow those of the entire body 
remains unassailed. 


Fig. 36.—Length of Forelimb. 



Having found that there is no qualitative difference in the growth 
processes of the several regions under consideration, we may conclude 
that the differential nature must consist in the percentage growth- 
rates, i.e. it must be quantitative. In Table 31 are presented 
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Fig. 37.—Length of Hindlimb, 
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details of the average percentage growlh-rates of these dimensions, 
calculated over periods of five days at 20 day intervals. It must 
here be stressed that the values for the first period (between the 
ages of 20 and 25 days) are purely theoretical, having been obtained 
from the formulae by extrapolation. Although the formula may 
have been proved to hold within the range 38 days to 147 days, this 
does not necessarily mean that it will furnish correct values when 
its use is extended beyond either limit of the range. However, these 
values may serve u purpose provided one does not lose sight of their 
purely theoretical nature. 


Table 31. 

Percentage Growth-Rates of Regions. 


Growth-Rates.—Percentaok per Day. 


ARC. 

Hoad. 

Trunk. 

j Tail. 

Forelimb. 

Hindlimb. 

Days— 

20 to 25. 

i 

13-64 1 

10-43 

1 

i 12-69 

14-73 ; 

j 16-42 

40 to 45. 

5-36 

6-07 

5-61 

8-48 

712 

60 to 65. 

2-89 ' 

3*71 

3-37 

3-88 

4-20 

SO to 85. 

1-78 

2-36 

2-31 

2-65 

2-84 

100 to 105. 

1*17 

1-62 

, 1-70 

1*93 1 

1 2*07 

120 to 125. 

0-80 

MO 

1-32 

1*50 J 

j 1-58 

140 to 145. 

0-56 

0-86 

! 1-05 

1-20 

1 

! 1-25 

— 



- 


—. 


in Fig. 38 these percentage rates are all plotted against age, 
the midpoint of the five day period over which the rate has been 
calculated being taken for the abscissal reading. 


It becomes appareut that in each instance the late of growth 
is highest at the earliest stage and then decreases, at first rapidly, 
but later more gradually. Further, in the earliest period atl the 
rates are roughly of the same order. The lowest rate (tail) is 77 per 
cent, of the highest one. By the end of prenatal life these rates 
have all undergone pronounced reduction. At this time the 
differences between them are much greater, the lowest rate (head) 
constituting but 45 per cent, of the highest rate (hindlimb). The 
most cranial portion of the body lias the lowest rate, while the highest 
rate is encountered in the hindlimb—the part most remote from 
the head. 

If the crown of the head is regarded as the starting point of 
growth, it is found in Table 31 that the more remote the region 
is from this point the higher is its growth-rate at the end of the 
prenatal period, i.e. the less has been the retardation to its initial 
rate. Also, the more distant the region the later (chronologically; 
will be the moment of inception of growth in that region. From 
these facts it is concluded that there is a direct relation between 
the extent of retardation of the growth-rate and the time that has 
elapsed since the onset of growth in that particular part. 
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Kig. UN.—-lVrmitacp (»row11 1 -rates of different regions. 



On this basis it is incorrect to look upon the rates tabulated 
in the first line of Table 31 as representative of the initial growth- 
rates of the regions under consideration. Obviously in the head 
region there will already have been a fair degree of retardation, 
while in the hindlinib this will be at a minimum. To arrive at 
the true initial or commencing rates of these regions it would be 
necessary to increase the rates of the first period by amounts varying 
in decreasing order from the head to the hindlinib. This would have 
the effect of eliminating the variations encountered in the first line 
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of the table, with the result that all the initial rates would be more 
or less identical. The rate for the trunk is slightly confusing, yet 
it must be remembered that this region is large and that while some 
of its components are in close proximity to the head, others are 
definitely remote from it. In the latter parts growth will commence 
some time later than in the former.* This initiation of “ new ” 
growth will tend to minimise the extent of the retardation which 
will already have set in anteriorly. Thus the “ slowing down ” 
of the rate for the trunk will not be marked in the earliest stage, 
placing it in the anomalous position seen in the table. Later in 
prenatal life this anomaly disappears and the values for its rate of 
growth fall correctly between those of the head and the tail. 

It appears that growth is initiated in the head region and 
that it spreads wave-like caudally and towards the extremities; 
in each region the initial or potential growth-rate is the same; from 
the moment of onset of growth an inhibiting force is at work 
reducing the rate in a manner proportional to the lapse of time 
since the commencement of growth in the region concerned. The 
tendency of this force is to reduce the rate to zero, but in no instance 
is that level reached during prenatal life. This is only to be 
expected, since growth ceases only after attainment of full adult- 
size. However, the earlier growth has commenced in any region, 
the nearer will the rate at the end of prenatal life be on this ultimate 
zero. 

All these points are well illustrated in Fig. 38, the last half 
of which is very regularly arranged. In the first part of the figure 
this regularity is slightly disturbed, some of the lines crossing 
each other. This may be indicative of some inherent differences 
in the inodes of retardation in the various organs. One may be 
tempted to assume that this is the case and then, by way of 
explanation, recourse may be had to the expedient of linking up 
certain points on the curve with certain concurrent events in the 
development of the foetus. * Such reasoning, although not 
infrequently resorted to, does not appear to be justified. Moreover, 
having regard to the nature of the data employed in this study, 
one hesitates to attach great significance to the slight irregularities 
observed. Indeed, it is suggested that the true state of affairs 
may be as idealized in the inset in Fig. 38, where points A, B and C 
represent both the commencing times and rates of growth of three 
dimensions placed in order according to their antero-posterior 
sequence. 

As a result of the findings recorded in this section it is concluded 
that during the course of prenatal life the proportions of the body 
change as the result of differential time rates of retardation of 
growth in the various regions of the body. Thus the more anterior 
regions begin growing at an earlier age and obtain a “ start ” 
on those parts situated further caudally. As the rates of growth 
of the former regions undergo retardation, the relatively higher 

* Obviously the same applies to any other region, but naturally the effects 
will not be so marked in a relatively small region as they are in a fairly 
extensive and elongated region. 
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rates of the latter regions (consequent upon their more recent entry 
into the growth process) enable these parts to increase their relative 
size and thus eliminate the earlier disproportion. 

All the dimensions considered above are measurements in the 
direction of the long axes of the regions concerned. Merely to 
see whether the trends obtained here are applicable to dimensions 
measured in other directions, the width of the head and the 
circumference of the thorax (heart-girth) have been included in 
this study. The former is measured at right angles to the length 
of the head, while the latter is a circumferential measurement in 
a vertical plane. In both cases curves of the second degree are 
found to represent the trends of the data. The formulae are: — 

Width of Head . 

Log e Width = 6-5252 Log 0 Age-0-5815 (Log e Age) 2 -16*1182. 

This is definitely significant at P^=0*01 and the coefficient of 
variation is 4-75 per cent. This curve is illustrated in Fig. 39. 

Heart-Girth . 

Log,, H.G. - 4-9768 Log,, Age-0-3760 (Log,. Age) 2 - 11-8658. 

Again this is significant at the 1 per cent, level of probability, 
and the coefficient of variation is 5*48 per cent. Graphic 
representation is given in Fig. 40. 

It will be noticed that the first, curve (width of head) resembles 
closely that of the length of head. The second inflection is again 
distinctly visible. The second curve is of the same shape as those 
for the trunk .and the forelimb. 

Thus it is established that dimensions other than those 
determined in the plane of the long axis of a region also follow 
the growth-trend of the whole body. 

Table 32. 

Percen tage Growth-Rate *. 


Hates-—Percentage per Day. 


Age in Days. 





Width of Hoad. 

Heart-Girth. 

20 

to 

2. r >. 

. 13-00 

11-79 

40 

to 

4.1 . 

. 5-10 

5-09 

60 

to 

6.1 . 

. i 2-75 

2-99 

80 

to 

8.1 . 

. I 1-69 

2-01 

1(H) 

to 

105. 

. | Ml | 

1-46 

120 

to 

125. 

. | 0-72 

Ml 

140 

to 

145. 

. j 0-53 

0-88 


The percentage growth-rates of these two dimensions are 
tabulated in Table 32. These, it will be noticed, are comparable 
with the rates of other dimensions of the same regions. In the 
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case of the head it is seen that length and width have roughly 
similar rates, but that of the latter is always somewhat lower. In 
the earlier stages the rate for the heart-girth is slightly confusing, 
but it soon assumes a close similarity to the rate of linear growth 
of the trunk. 


Fig. 30.—Width of Head. 
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5. Correlation Between Dimensions . 

In tile previous two sections it has been found that both the 
actual observations and the fitted curves of all the dimensions 
considered exhibit striking similarities. This suggests that between 
any two of these dimensions there may be some definite relationship. 
For the purpose of testing the accuracy of this surmise the 
coefficients of correlation between these dimensions are determined. 
The method employed is that described by Fisher (1936) for the 
estimation of “ correlation between series 
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Since measurements of these variables have extended over a 
period of growth it is only to be expected that between them there 
will be a high positive correlation. However, this “ total 
correlation ” may be split into two components, one of which, the 
“ trend correlation ”, measures the relationship between points on 
the fitted curves of the various dimensions, or, in other words, the 
correlation between values of the dimensions calculated from their 
regression formulae. The other component measures the correlation 
of the deviations of the actual observations from one trend-line, 
with the deviations of the corresponding observations from any other 
trend-line. This “ residual correlation ” is the important one in 
this work for in its computation the growth-trend has been 
eliminated, hence it indicates exactly bow a deviation of one 
dimension from the “ normal ” or “ expected ” value is likely to 
be reflected in any other dimension. 


Table 33 has been compiled in such a manner that all three 
correlations between any two variables may be read at a glance. It 
will be noticed that the portion falling below the diagonal row 
of blank spaces is an exact repetition of the upper half. Through 
its inclusion it is possible to read in one straight line, either 
horizontally or vertically, correlations of a certain dimension with 
all the remaining variables. Otherwise it would have been necessary 
to follow a vertical column into the blank space and then to continue 
along the horizontal column. 


In considering the figures presented in the table each of the 
three types of correlation will be treated separately. 


Total Correlation. 

It is seen that without exception these figures are highly 
significant at the level P — 0-01. Thus there ift a very high, positive, 
direct correlation between all the dimensions under consideration. 
As explained above, this is only to be expected. 


Trend Correlation . 

Again there is not a single figure which is not significant at 
at least the 5 per cent, level of probability. However, it is possible 
to classify the variables in two groups; in the first, are length of 
head, width of head and length of trunk, while the remainder 
constitute the second group. The correlation between any two 
variables of the same group is significant at P — 0 • 01, whereas 
correlations between dimensions of opposite groups are significant 
only at P = 0-05. These results could have been anticipated from a 
s ^ u dy of the continuous curves in Figs. 34-40. Those representing 
the trends of the dimensions of the first group show much similarity, 
and in all of them the second inflection is distinct. The remaining 
curves, while differing from the above, bear a striking resemblance 
to one another. 
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Note. — 1. Trend Correlation.0*9969 0*9999 

2. Residual Correlation.0*4227 0*6368 y Values for Significi 

3. Total Correlation.0• 4227 . 0-5368 j 
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It has been demonstrated that the distinct second inflection is 
associated with the dimensions of regions which develop early in 
prenatal life and consequently undergo the greatest degree of 
retardation of growth-rate. From the above findings one may 
conclude that “ trend correlation " is greatest between dimensions 
of (anatomically) closely related regions, and lowest between 
dimensions of regions remote from each other. 


liexidual Correlation. 

Immediately it is noticed that the majority of these correlation 
coefficients fail to attain significance even at the 5 per cent, level 
Those that do reach this level may be considered 

Length of forelimb—length of hind limb. —The correlation 
between these two variables is the highest obtained. Upon 
inspection of Figs. JMi and *‘17 it is seen that there is much 
similarity not only in the trend-lines, but also in the 
distribution of the actual observations about these lines. Under 
these circumstances a high correlation is only to be expected. 
Moreover, it is fairly obvious why such a definite relationship 
should exist. 

Length of head—tndlh of head. —Again it is readily 
accepted that there should he a definite correlation between 
these variables. Indeed one is rather surprised not to 
encounter a higher value than 0-494. In Fig. iJ9 (width of 
head) it is noticed that the later points are widely spread, 
and that due to these marked variations in the actual data, 
the curve cannot be said to have an exceptionally good fit.* 
The large variations encountered may be inherent in the 
material or they may have been artificially exaggerated 
through the difficulty of making accurate measurements of 
this dimension. 

Length of vertebral column—length of tail. —The high 
correlation present here is easily explained when it is 
remembered that the latter dimension is contained in the 
former. But for the difficulty of determining with accuracy 
the anterior extremity of the tail this correlation may weil 
have been higher. 

Length of vertebral column — heart-girth. 

Length of vertebral column—length of forelimb . 

Length of vertebral column—length of hind limb. 


probability. 

individually 


# Nevertheless it has been proved that with the data available this curve 
gives the best " fit ”. What is meant here is that the “ fit ” of this “best- 
fitting ” curve is not as good as is desirable in work of this nature. 
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In all these instances the relatively high correlations are 
understandable. It is quite acceptable that with an increase 
in the length of the foetus, there should be corresponding 
increases in the heart-girth and in the length of the two 
limbs. Thus a longer foetus lias also a greater height at the 
withers find a larger circumference of the thorax. 

Width of head—length of forrlirnb. 

Width of h ((id—lenyth of hind limb. 

Width of head — heart-yirth. 

The definite correlations obtained here are somewhat 
suiprising, especially in view of the fact that other seemingly 
more apparent correlations prove to he insignificant. 
Hon ever, it must be pointed out that in the method employed 
the accuracy of the residual correlation is dependent upon 
the ,f goodness of fit " of the trend-line. Already it has 
been indicated that in the case of width of head this fit is 
not as good as might he desired. It appears reasonable to 
conclude that this results in tin* generation of misleading 
correlations. In consequence of this suspicion attaching to 
these correlations it is not proposed to consider them further. 

To sum up one concludes that between any two of the dimension.* 
considered there is a very highly significant direct correlation. 
However, the common growth-trend is mainly responsible tor this, 
and in most instances its elimination results in an insignificant 
residua] correlation. The latter is truly significant in but a few 
cases, and then only when closely associated dimensions are coupled. 

fi. K,rternal Appearance of the Foetus. 

Genetal Form and Appearance.— Many of the features to be 
described here are well illustrated in Curson and Malan’s (1935) 
chart, to which reference has already been made, and in the series 
of photographs accompanying this chart. 

At the age of 18 days the ovine embryo has the appearance, 
in profile, of a whitish, translucent, comma, the head region being 
much better developed than the opposite extremity. During the 
next, two days there is an increase in size, especially of the head 
region, where the primitive brain divisions are already distinguish¬ 
able. At this stage the heart becomes visible as a reddish, pinliead- 
sized focus, situated well forward. At the twentieth day the aorta 
is visible, and from its caudal extremity two vessels emerge at the 
umbilicus to form the umbilical arteries. At about this time the 
dorsal region of the body is beginning to assume a more opaque 
appearance, thus foreshadowing the development of the vertebral 
column. 

During the following few days the eardio-vascular system 
continues to develop apace, so that at the twenty-fifth day the heart 
has a diameter of 0-5 cm., and from it the aorta and the carotids 
can be seen ruhning towards the head and towards the caudal 
extremity respectively. At this time the curvature of the body is 
so acute that the future oral regions rest between the two thoracic 
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limb-buds, against what is to be the sternum. The cranial region 
is relatively large, especially in the vicinity of the vertex, where 
the main envisions of the brain are plainly visible. By this time 
the tail has been formed, its length being approximately 2 mm. 

By the end of the first month the body has become fairly plump 
with signs of a definitely solid axial structure in the vertebral 
region. The colour of the surface of the body has changed from 
dull translucent white to pink. The heart is still visible through the 
body wall, and from it vessels are seen to proceed cranially, caudally, 
and into the developing limbs. The ventral abdominal wall bulges 
outwards, presenting a herniated appearance. The length of the 
tail has increased to about 5 mm. 

During the following week of its life the foetus undergoes 
rapid development and at the 38th day most of the main features of 
the fully developed body may be detected. The body wall becomes 
opaque, thus obscuring the heart region. The superficial vessels 
of the head, trunk, tail and limbs are visible. At this stage the 
cartilaginous models of the vertebrae and the scapulae show up 
prominently as denser white structures fairly deeply situated. The 
ventral abdominal bulge has disappeared. 

In the middle of the second month the head is still relatively 
large, its size being accounted for mainly by the prominence of 
the crown region. At this stage the neck region begins to acquire 
a more definite shape. However, it is still sharply bent and the 
face is directed ventrally. This development continues so that at 
the end of the second month the neck has become fairly long, thin 
and well-rounded, and its ventral curvature has practically been 
eliminated. By this time the subcutaneous, vessels, which had 
become very prominent and numerous, are no longer visible. 

Throughout the third month the proportions of the body 
undergo much change, yet at the end of this period the head still 
appears disproportionately large, whereas the neck is relatively long 
and thin. However, early in the fourth month the thickness of 
the neck increases and by the 100th day this disproportion has to 
a great extent been eliminated. Now the skin oyer the neck has 
become somewhat loose and a few transverse wrinkles are to be seen. 
Ten days later similar wrinkles are present over the brisket and 
down to the carpus. The spread continues and just before birth 
the skin, which is now fairly thick, is comparatively loose and 
wrinkles are evident over the entire body. 

The Head and. Face .—During the first month of prenatal life 
the head region undergoes much development both in size and in 
its proportions. However, it iB not until the 38th day that there 
are signs of facial development. At this time indications of the 
mouth and nostrils are detected, and by the end of another week 
these features are plainly visible. Towards the end of the second 
month the “ dished ” profile of the early stages (caused by the great 
prominence of the forehead) has practically disappeared. ' The facial 
region has increased in relative size and the mouth and nostrils 
are well developed. The latter are closed by epithelial plugs. 
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By the middle of the third month the face has come to resemble 
closely its definitive appearance. However, this region is still 
relatively small and is overshadowed by the very large and 
protruding forehead. At this time the rami of the mandible are 
well-formed, the lips are distinct and the mouth is open. The 
external nares are deeply excavated but are still “ plugged M . The 
horn buds become visible as small pinhead-sized elevations equidistant 
from the lateral canthus of the eye and the base of the ear. 

From now on the changes are much less striking than those of 
the earlier period. Between the 95th and 101st days the nostrils 
become patent and it also becomes possible to open the mouth and 
to see the Anlagen of the incisor teeth. Further, the philtrum of 
the upper lip is distinctly visible. At the 130th day the edges of 
the nostrils and the upper lip, with the adjacent regions, have 
become smooth and bare. Ten days later the inner edge of the lowei 
lip is serrated, while on their buccal surfaces the cheeks carry small 
papillae, these being best seen in the neighbourhood of the 
commissures of the mouth. In the foetus of 147 the Anlagen of 
the teeth are very prominent and the first pair of incisors appears 
to he on the verge of erupting. 

The Eye .—At the early age of twenty-five days there is visible 
on the lateral surface of the head of the foetus a thin black ring 
1 mm. in diameter. This is the earliest macroscopic indication of 
the development of the eye. As a result of the prominence of the 
forehead and the flexion of the neck, this ring is seen in the vicinity 
of the anterior limb-buds. At the end of the first month the diameter 
of the ring has increased slightly and the enclosed area which will 
later form the lens, is pale, translucent and slightly raised above 
the surrounding surface. At the 38th day the ring has a diameter 
of 3 mm., and the eyelids have commenced to grow’ over the 
developing eye. The whitish lens area is prominent. The combined 
effect of the straightening of the neck and the increase in relative 
size of the face is to place the eye in a more familiar situation. 
Nevertheless this organ is still somewhat closely related to the nostril 
and the angle of the month. 

The black ring continues to increase both in width and in 
diameter. At the 45th day the latter dimension has reached 5 mm. 
The eyelids extend over the eye, and although they are transparent 
the liue of fusion of the two is distinct as a denser ridge running 
across the eye. Just medial to the inner canthus of the eye this 
line is very prominent and here is foreshadowed the development 
of the infraorbital pouch, which, at the 52nd day, is rendered much 
more prominent, by the curling over of the upper border of the 
ridge. By this time the lids have increased in thickness, and 
although the dark ring is still plainly visible it appears to be more 
deeply situated. The entire eye region is much enlarged and bulges 
outward from the side of the head. At the end of the second month 
the pouch is even more prominent and the pigmented ring has a 
diameter of 1*6 cm. and a thickness of 0-5 cm. Midway through 
the following month the ring is still larger, but by now* the thickness 
of the lids makes accurate observation difficult. By the end of the 
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third month the ring has become invisible from the surface. About 
this time the eyelids are well defined and wrinkled, and a brownish 
pigmentation is seen along their borders, which are still fused. 

At the 110th day it appears that the infraorbital pouch is 
completely developed, while the fusion of the eyelids is less definite 
than in previous stages. At the end of the fourth month it is 
possible to draw the eyelids apart, thus disclosing the apparently 
fully formed eye. 

The External Ear .—On the 31st day the ear is visible as a small 
triangular flap whose base is dorsal. This flap is about 1 mm. in 
length. A week later the length has increased to 1*5 mm., und 
at the 45th day it is 2 mm. At this time there is no sign of an 
external acoustic meatus. Within the next seven days the length 
of the flap increases to 3 mm. and on it a central longitudinal ridge 
appears. From the basal angles of the flap low ridges extend 
ventrally and then converge towards each other. By the 59th day 
they have come together to enclose a small, roughly circular area. 
This enclosed area becomes depressed, forming a hollow which will 
develop into the external acoustic meatus. By the 66th day this 
depression is distinct. The flap has attained a length of 1 cm. 
and on either side of its central ridge an additional thickened line, 
parallel to the first one, is to be observed. 

During the course of the next two weeks the ear increases in 
size and the ridges become thicker and more prominent. The length 
of the flap at the end of the third month is 2*5 cm., and a month 
later it is 4*5 cm. By this time the external meatus has become 
deeply excavated and to the three ridges previously mentioned 
two more have been added, giving the ear the appearance of a series 
of thickened ridges, with intervening, thinner and translucent 
grooves. By the end of the prenatal period the length of the flap 
exceeds 6 cm. and its thickness has greatly increased. At its most 
ventral point the rim encircling the external meatus has been deeply 
cut into in a V-shaped fashion. * The portions lateral to this “ V ” 
have fused with the original flap in such a manner that the two 
resulting free borders of the pinna are practically straight. 

The Genitalia .—Between the ages of 45 and 52 days it becomes 
possible to distinguish macroscopically between the sexes. In the 
male foetus of 52 days two small prominences in the inguinal region 
represent the scrotum. The penis is visible as a* white line below 
the ventral abdominal surface, stretching from the ischial region 
to the vicinity of the umbilicus. A small prominence at the anterior 
extremity of this line represents the sheath. In the female of this 
age the developing scrotum is replaced by two small labial swellings, 
just anterior to which two small teats about 2 mm. long are noticed. 

By the 66th day the mammary region is slightly swollen and 
the labial swellings have migrated caudally to a position midway 
between the teats and the anal region. 

Midway through the second month the inale foetus has developed 
a large whitish opaque scrotum, about 1*5 cm. in length 
fdorsoventral). The ventral half of the scrotum is still distinctly 
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divided at the median raphe into two conical lateral halves. The 
tips of these cones are less dense than the basal part of the sac and 
they have a translucent appearance. The prepuce and the penis 
are quite distinct, but the latter does not as yet produce any elevation 
of the ventral abdominal surface. One week later the length of 
the scrotum has increased to 2 cm.; the median groove is less distinct; 
the surface of the sac is smooth. At this stage one or two pairs 
of small teats are seen just antero-lateral to the base of the scrotum. 
In the female of this age the mammary region is fairly prominent, 
and the teats have a length of 3 mm. The labial folds have migrated 
further towards their definitive position, and only about one-third 
of the distance remains to he traversed. This is soon accomplished, 
and at the end of the third month the folds are finally located in 
the perineal region, and the formation of the vulva is well under 
way. The anus is well developed and piominent. The main teats 
are about 4 mm. long; they may he supplemented by two or four 
smaller, supernumerary teats. 

In the male foetus of this age the scrotum is 3 cm. long and 
is soft and jelly-like. Teats of 2 mm. in length an* visible. The 
prepuce is well developed and soon hairs 3 mm. in length are to 
be seen around the preputial opening. By the end of the fourth 
month the length of these hairs has reached approximately 1 cm. 
The surface of the scrotum, which hitherto has been smooth, becomes 
wrinkled. This appears to be eonsequent on the hollowing out and 
collapse of this previously solid structure. 

In the female during the last month the mammae increase in 
size and the teats reach a length of 5 to 7 mm. The development 
of the vuha is completed even to the prominent ventral commissure. 

The Limits ,—In foetuses of 2b days botli sets of limb-buds are 
clearly visible. The thoracic* pair are about 3 mm. in length and 
the pelvic ones slightly shorter. The former are divided by a 
central constriction into a proximal rounded, and a distal flattened 
part. The latter is almost fan-shaped and its surfaces face laterally 
and medially. In the posterior buds no constriction is evident, but 
towards the tip there are signs of flattening. Within the next two 
days these buds reach the stage of development just described tor 
the forelimb. 

By the end of the first month the length of the forelimb has 
increased considerably, and at the distal extremity a central groove 
indicates the commencing division into two digits. The lower half 
of the limb has rotated on its long axis in such maimer that the two 
digits are situated medially and laterally, instead of anteriorly and 
posteriorly. In the posterior limb this stage has not yet been 
reached; the division into digits is not present, neither has the 
rotation commenced. 

At the 38th day the digits of the forelimb arc distinct and 
there are indications of the accessory digits. The various divisions 
of the limb (forearm, arm, etc.) are evident and already they have 
assumed their definitive relative positions. In its development the 
hindlimb is slightly in arrear of the forelimb. 
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Within a week the digits have developed considerably and the 
accessory digits have become plainly visible on both pairs of limbs. 
Close to the distal extremity of each limb a transverse, ridge-like 
swelling appears. It is slightly more distinct on the thoracic limb. 
These swellings represent the coronary bands. 

During the next three weeks the fetlock region becomes moulded 
into shape and the coronary band becomes more prominent. How¬ 
ever, the latter is still relatively close to the tip of the limb. By 
the (Kith day the portion distal to the coronet has increased in size 
and just below the coronary band a bluish-white colouration is 
detected—undoubtedly this is due to the deposition of horn. The 
accessory digits are very prominent and are clearly defined. 

The limb increases in size and the bluish colour spreads slowly 
downward over the surface of the third phalanx. At the 89th day 
the first signs of the interdigital pouches are detected. These are 
more advanced in the l'oreliinb. By the end of the fourth month 
they appear to be fully developed. 

By this time the major part of the third phalanx has been 
covered with horn and the line of junction of this horn with the 
lower dull white surface (which lies parallel to the coronary border) 
continues to advance distalwards. At the 130th day the horn has 
reached the heels, and during the next ten days the as yet uncovered 
triangular portion of the third phalanx becomes progressively 
reduced, while the horn also encroaches on the sole of the foot, the 
posterior half of which is covered by the 140th day. At about this 
time the accessory digits are almost completely covered with the 
same bluish-white horny substance. At the 147th day the original 
whitish, friable covering is confined to the tips of the hoofs and 
the apices of the accessory digits, the remainder of these structures 
being well covered with horn. 

The Hair and the WooZ.-r-Until the 38th day of foetal life 
there are no signs of development of hair, and the entire body surface 
is smooth, and homogeneous. At about this time pinliead-sized white 
foci appear just below the surface in the region of the eyelids and 
the lips. By the 45th day these have increased both in size and 
number and are recognisable as the follicles of the tactile hairs of the 
face. Similar, but smaller foci appear immediately above the upper 
eyelids, and soon they, are seen to have spread a? far as the crown. 
These are the follicles of the ordinary hairs of the body. 

During the following week the tactile follicles increase in size, 
while those of the ordinary hairs become more numerous and spread 
over the crown, but without reaching the upper part of the neck. 
On the lateral aspect of the shoulder and in the axilla traces of 
these follicles are encountered. The regions in which follicular 
development has occurred are not definitely demarcated; the follicles 
simply become smaller and more isolaled towards the outskirts until 
they are no longer visible. At the 55th day follicles are present over 
the extensor surfaces of the carpus and the hock. Smaller ones are 
seen in the region of the flank and over the proximal portion of 
the thigh. 
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At the end of the second month the tactile follicles are large 
and the hairs appear to be on the point of erupting. The ordinary 
follicles have spread over the entire body, yet in genera] their 
distribution becomes more sparse as they are traced caudally and 
towards the distal ends of the limbs. 

At the (ifith day the tactile hairs have not yet erupted, but they 
have become so much increased in size that they cause small elevations 
on the surface. Six days later these hairs are seen emerging, at a 
slant, through the skin of the eyelids, the lips and the chin. By 
the end of the third month the longest of these hairs (on the chin) 
are (i mm., while others (on upper eyelid) are only half this length. 

All tliis time the ordinary follicles have been increasing in 
number and in size. By the 89th day it is possible to detect, by 
means ol a handlens, the presence of very fine downy hairs on the 
forehead. Around the horn buds these hairs are arranged in whorls. 
They extend downwards as far as a line joining the medial canthi 
of the e>es. At this stage the follicles on the dorsal aspect of the 
carpus and along the coronet, especially close to the mterdigital 
cleft, are large and the hairs contained in them appear to be due 
to erupt almost immediately. The follicles at corresponding situations 
on the pelvic limb are much smaller. 

By the 95th day tbe hairs on the forehead are visible to the 
naked eye. They have spread over the poll and also ventral wards 
on to the cheeks, to the base of the ear and in the direction of the 
ramus of tbe mandible. Over the shoulders, on the lateral surfaces 
of the arm and forearm, over the dorsal aspect of the carpus and 
along the coronet, hairs just visible to the naked eye are present. 
With the lens it is seen that on the remainder of the forequarters, 
as well as over the loins, the hock and the coronet, fine hairs are 
just beginning to erupt. In the region of the flank and on the 
hindlimb (save those parts just mentioned) the follicles are densely 
packed and fairly large, but no eruption of hair can be detected. 

At 100 days the tactile hairs have reached lengths of 0*5 to 
0*8 cm. By now the forehead is covered with well-matted hair 
about 3 mm. long. As this is traced along the neck and back it 
becomes shorter, until at tbe loins it is only just visible. Also 
towards the angle of the mouth the length of the hair decreases, 
and on the lower part of the face it can only be seen with the help 
of a lens. Over the shoulders the hair has a length of between 
2 and 3 mm., this also being the case on the anterior aspect of the 
carpus and along the coronets of the forelimb. Shorter hair (about 
1 mm.) is seen on tbe brisket, sternum, loins, tail and proximal 
portions of the hocks; on the coronets of the pelvic limb it is slightly 
longer. On the remainder of the surface of the hindquarters hair 
is just visible. Fine hairs are seen on tbe inner surface of the 
ear, where they are coufined to the ridges, while the depressions 
remain smooth and bare. 

In the foetus of 110 days the tactile hairs are about 1 cm. long. 
On the face ordinary hairs are detectable with the naked eye. The 
hairs on the inner aspect of the ear have become longer and more 
numerous, while on the outer surface fine downy hairs are appearing. 
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The entire body is well covered with fairly closely packed hairs. 
The hairs on the coronets and those around the accessory digits have 
reached a length of approximately 0 5 cm. 

By the end of the fourth month the body is totally covered 
with fairly long hairs. These are more or less straight, are fairly 
coarse, and have a glistening white colour. During the last month 
these hairs continue to increase in length, but gradually it becomes 
possible to distinguish below them a curly, well-matted coat, the 
fibres of which are finer and have a dull white colour. This 
appearance is detected first in the neck region from where it extends 
backwards over the trunk. At the end of the prenatal period this 
second coat, which is now recognisable as the woolly covering of 
the body, has practically replaced the previous hairy coat on all 
parts of the body excepting the lower portions of the limbs and the 
face. 


7. Determination oj Age . 

As was pointed out in the introduction, one of the main objects 
of this work is to provide standards for the accurate estimation 
of age of Merino foetuses collected from uncontrolled sources. The 
necessary information is already set out in the preceding sections; 
but, as difficulty may arise in applying this rather detailed know¬ 
ledge, it is considered advisable to extract the essential facts and 
to present these in a manner that will facilitate their ready 
application. 

11 is obvious that for accurate estimation one has to rely mainly 
upon quantitative methods. These involve the use of the regression 
formulae previously presented. In each of these the dimension 
is given in terms of age. Accordingly, the determination of the 
age corresponding to a measure4 value of a dimension necessitates 
a somewhat complicated calculation, for in the resulting equation 
the unknown (age) is present in both its first and its second powers. 
The solution of this equation involves factorization of rather unwieldy 
numbers. This process is far too elaborate to serve any useful 
practical purpose. 

If the variables be reversed (age in terms of the dimension) 
the calculation is greatly simplified. From the point of view of 
growth this is rather illogical, for size is considered to depend on 
age, not age on size. However, if it will facilitate age-determination 
there is justification for the calculation of this “ illogical ” or 
“ theoretical ” formula. * 

When this is done it is found that again the best-fitting curve 
is a parabola of the second order. Naturally the constants in the 
equation differ from those obtained when the same data are employed 
in the reverse direction. To illustrate this the formulae obtained 
with the vertebral column and age data are presented: — 

(а) Log* Age - 3-0743 +0-2703 Log, V.C. +0-0458 (Log, V.C.) 2 

(б) Log, V.C. — -10-4383 + 4-3948 Log, Age-0-2949 (Log, Age)* 
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The differences are not confined to the actual figures, but are 
evident also in the signs ot‘ these constants. As a result the shape 
of the regression line differs in the two instances. That obtained 
with formula (a) is illustrated in Fig. 41, while that of ( b) is 
presented in Fig. 29. 


Fir. 41.— “Foelul Age in Terms of Vertebral Column Length. 



From equation (a) age may be calculated in a direct manner. 
Nevertheless this computation still involves the use of logarithms 
and antilogarithms as well as fairly extensive multiplications which, 
unless a calculating machine is at hand, become very tedious. 
Consequently it is felt that even this “simplified ” equation calls 
for more arithmetical labour than the average worker in biology 
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will be eager to undertake. Moreover, the estimation of age being 
in most instances mprely a necessary preliminary to further 
investigation, it is desirable that this process should occupy the 
minimum of time. 

It appears that graphic estimation offers a solution to the 
difficulties mentioned. In this method direct readings are made 
on any of the regression curves in Figs. 23, 2f>, 27, 28, 29, 
83 to 37, 39 and 40; thus all calculation is eliminated. It is not 
necessary to confine oneself to the figures presented in this work. 
From the regression equation of any dimension, a series of values 
for this dimension at stipulated ages may he calculated. With these 
data a graph may be constructed to any suitable scale. Obviously 
increase of the latter will tend to minimise the possible error of 
“ reading However, it in no way affects the possible inaccuracy 
due to the variation inherent in the dimension. The latter error 
is the more important of the two, and at this stage it may he 
considered in some detail. 

In the preceding sections the coefficients of variation of all the 
regression equations are stated. For convenience these figures are 
repeated : — 


C’of'/jf. Yar. 
Percentage. 

Straight C.R. length. 7 ■ i»l 

Length of Vertebral column. 3-81 

Length of trunk. 4-07 

Heart-girth. f>*48 

Length of tail. 75 

Length of foTelimb. 4-72 

Length of hindlimb. 4*88 

Length of head. 8-76 

Width of head. 4*75 

Weight of foetus. 20*07 


It must he remembered that these coefficients denote the extent 
of variation when the dimension is calculated from age. It does 
not necessarily follow that when the same equation is employed for 
the purpose of determining age (the dimension being known) the 
same degree of variation will be encountered. An interesting fact 
is that the coefficient of variation for equation (a) {on page 522) 
is 2(> per cent., whereas that for (b) is 3*8 per cent. This indicates 
that owing to the lesser degree of variation in the age data the 
determination of age from the dimension is more accurate than that 
of the dimension from the age. This has been proved to hold 
good when the entire formula is reversed; hut the point at issue 
is whether when age is estimated from formula (b) the likely error 
will be of the order of 3*8 per cent, or of 2*6 per cent. It has been 
ascertained authoritatively that the exact relationship between these 
two coefficients of variation has not yet been solved mathematically, 
but it is known that, this error will lie between 2*6 per cent, and 
3 -8 per cent. . Visually this may be verified by noting that the 
horizontal deviations of the plotted points (the variation of age 
about the trend line) in Fig. 29, are less than the vertical deviations 
(the variation of vertebral column length about the same line). 
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It may be assumed that the same applies in the ease of all the 
other dimensions, and that the likely error in age determination 
will be less than the coefficients of variation presented above. As 
most of these already lie well below 10 per cent, it is evident that 
by this graphic method age may be determined with considerable 
accuracy. 

Naturally the dimension with the least variation will be selected 
for such determinations. This is the vertebral column length. How¬ 
ever, it is suggested that the accuracy of the determination may be 
improved by using more than one dimension and then arriving at 
an “ average " age. This method certainly eliminates the possibility 
of being misled by an extreme variation in any one dimension. 
Nevertheless, it would bo inadvisable to determine the age of a 
foetus from, say, its vertebral column length and its weight, and 
then to take as the most likely age the exact arithmetical mean 
of the two values. This method would entirely lose sight of the 
fact that the coefficient of variation of weight is five times as*large 
as that of the vertebral column length. Jt is essential that more 
importance be attached to the value obtained through the use ol 
the less variable dimension. It is suggested that the relative 
importance of two dimensions be apportioned in the inverse ratio 
of their coefficients of variation. Thus, in the above example, if 
the age obtained by the use ot weight is higher than that obtained 
from the vertebral column length, then the final age would be taken 
as the vertebral column length value plus one-fifth, or the weight 
value less lour-fifths of the difference between these two values. 


e.g. If age from weight 

& age from V.(\ =-y 

& jr>y 

then * k true " age 

—- A(x - ?/) 

... —— 

or = y + U - y) 

~ 5 

A further point to be mentioned is that in the choice of 
dimensions for ageing consideration be given to the correlation 
coefficient table (Table 33). Preference should be accorded to 
dimensions which have the least correlation with each other. 
Naturally their coefficients of variability must also be borne in mind, 
as it would be of little avail to select a highly variable dimension 
merely on the ground that it is not significantly correlated with any 
other dimension. 

Although the way has now been cleared for the application in 
a fairly simple manner of the known quantitative data, there is still 
the possibility of further simplification. This is achieved by the 
construction, on the lines suggested by Scammon (1937), of a simple 
nomograph (Fig. 42) in which the “ expected values ” of all 
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dimensions at any age may be read in one straight line parallel 
to the base of the figure. This nomograph may be' used for the 
estimation of age from one or more dimensions. 


Fig. 42.—Normograph for purpose of determining either foetal age 
from one or more dimensions, or the values of dimensions from those 
of other dimensions or from foetal age. 



The following procedure may be recommended: — 

(1) Determine the values of the dimensions. The measure¬ 
ments should be made in accordance with the details 
supplied in Chapter 3. For each dimension two or three 
readings should he taken and the average of these 
employed. The number of dimensions to be measured 
should be decided by the investigator. Naturally the 
length of the vertebral column will be the first to receive 
consideration. Others suggested are trunk, heart-girth 
and straight crown-rump length. 
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(2) Mark off lightly in pencil oil the respective scales the 
the values of the dimensions. 

^1) Stretch a thread across the normograph in such a way 
rhat it lies parallel with the base, i.e. so that it intersects 
identical age readings on each of the vertical sides of the 
normograph. 

(4) Keeping the thread parallel, move it either upwards or 
downwards until it cuts the vertebral column scale exactly 
at the murk indicating the value of this dimension. This 
scale is accorded special prominence in the centre of the 
figure. 

(5) Observe the distribution about the thread of the points 
indicating the values of the other dimensions. If the 
majority of them display either an upward or a down¬ 
ward tendency, the thread should be moved slightly in the 
appropriate direction. Again it must he remembered that 
to the dimension with the lowest coefficient of variation 
most weight should he attached. Ilence, in the example 
previously quoted (V.C. length and weight), the thread 
would he mo\ed roughly one-fifth of the distance towards 
the level of the weight mark. A further mark (say trunk 
length), lying somewhat below the level of V.C., might 
tend to diaw the line downward again, probably’ restoring 
it to its original position, i.e. on the Y.(\ maTk. In the 
normograph tin* arrangement of the scales is such that the 
most important dimensions are closest on either side to 
the vertebral column scale, while farthest away are those 
which carry least weight. 

In this way the thread is manoeuvred until the points 
are well distributed about it. 

(G) Make sure that the line is still parallel; i.e. note the age 
readings on both sides. The reading on the age-scale 
gives the age of the foetu.; in days. 


Some details of the above procedure may appear over-elaborate, 
but in actual practice it will be found that unless the majority of 
the other points deviate considerably (and in the same direction) 
from the level of the vertebral column reading, the latter will be 
taken as indicating the most likely age. 

Having fixed the age in this quantitative manner, one would 
scarcely expect that any improvement would result from the use 
of the descriptive data, listed in Table G4. However, it is recom¬ 
mended that in all cases one should refer to this table, if only as 
a safeguard against, incorrect estimation of the age of an exceptionally 
large or small foetus. In such a case it will be found that the 
external appearance does not correspond with that described for a 
foetus of the estimated age. 
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In this section full directions have been given for ageing 
foetuses. It rests with each worker to decide for himself in how 
far these are to be supplied. In liis decision he will be guided mainly 
by the nature of his investigation and the degree of accuracy 
considered advisable. It is suggested that for most purposes the 
use of the vertebral column length supplemented by a rapid reference 
to Table 34, will give sufficiently accurate results. 


( d ) The Maternal Mammary Gland. 

For the purpose of studying the growth of this organ during 
the course of pregnancy the data have again been placed in monthly 
groups. The differences between the various groups are studied 
by Fisher's (1930) “analysis of variance” method. Details are 
presented in Table 35 and Fig. 43. 

Table 35. 

Weight of Mammary Gland. 


Groups of Ewes. 


Significance Tests. 


No. 


1 

2 

3 

4 

5 

6 


Class. 


Non-pregnant 
1st month... 
2nd month... 
3rd month... 
4th month... 
5th month... 


No. of 
Ohserv. 


10 

10 

8 

6 

7 

5 


Mean 

Weight. 


W. Group 
1 . 


W. Prcced. 
Group. 


Gm. 

199-90 


122-60 

— 

180-13 

_ 

203-33 

— 

314-71 

— 

806-00 

XX 


XX Significance at P — 0*01. 
X Significance at P «. 0*05. 


The mean of the second group falls well below that of either 
the first or the third. This may be associated with the somewhat 
poorer condition at the time of slaughter of the sheep constituting 
this group. Nevertheless the drop is insignificant. 

It is concluded that until the end of the third month there is 
no upward trend in the weight of the mammary gland. At about 
this time the weight does begin to increase, yet when the weight 
in the non-pregnant group is taken as the standard, this increase 
does not reach the level of significance until the last month of 
gestation. When the figure for the first month of pregnancy is 
employed for the purpose of comparison then the increase by the 
end of the fourth month is found to be just significant at P=s0*05. 
The increase during the last month is highly significant, and by 
the end of gestation the initial weight has undergone a fourfold 
increase. 
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Descriptive .—During the first two months of pregnancy the 
appearance of the gland changes but little. In the living animal 
the organ can be felt as a slight swelling under the rather loose 
inguinal skin. The teats are small and soft. The extirpated organ 
has the appearance of adipose tissue and it “ sets ” rapidly. The 
organ is flattened, with a greater depth at the caudal extremity 
than in the cranial portion. The depth in the former region is due 
in part to the presence of the supramammarv lymph glands which are 
situated here, embedded in the adipose tissue. 


Fig. 43.—Weight of Maternal Mammary Gland. 



Mordho of GesTaTion 


Towards the end of the second month of gestation it is noticed 
that the diameter of the mammary bloodvessels (external pudie 
arteries and veins and subcutaneous abdominal veins) has been 
doubled. At about this time it becomes possible to withdraw from 
the teats small quantities of clear, watery fluid. 

During the following month the size of the gland increases 
slightly. This increase is reflected mainly by the greater depth 
of the cranial part of the organ. The vessels continue to enlarge, 
while the teats increase in length and become very soft and flabby. 
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Early in the fourth month there is much more noticeable 
enlargement, of the gland, so that the increase is evident even in 
the living animal. To the touch the organ is somewhat elastic, 
apparently on account of the accumulation of secretion within it. 
At this time the fluid which can be withdrawn from the teats has 
become “ syrupy 

Uy the end of the fourth month the gland is greatly enlarged 
and the parenchyma has a brownish colour, which contrasts with the 
white of the adipose tissue. The former is predominant especially 
in the region of the bases of the teats. The depth of the cranial part 
of the gland exceeds that of I he caudal extremity. At this stage 
it is noticed that the gland does not “ set ” well, remaining soft, 
and pliable for a long time after extirpation. 

JJy the 140th day there has been even greater enlargement and 
the teats have become long and fairly well distended. The fluid 
which can he “ milked ” from the teat is viscid and has a creamy 
colour. 

Just, before birth this fluid becomes honey-like as regards both 
consistence and appearance. At this stage the bloodvessels are 
prominent, the veins especially being large and distended. The 
parenchyma of the organ is roughly cubical in shape, while adipose 
tissue forms but a narrow peripheral rim. 

Thus it is found that the mammary gland undergoes most of 
its macroscopic development during the second half of pregnancy. 
This is in agreement with the findings of Hammond (1927) in the 
case of the cow, i.e. that during the first half of pregnancy there 
is first an organization of the collecting system, and then growth 
of the secreting tissue, wdiile during the second half secretion 
commences and, as a result of the accumulation of the secretory 
product, the size of the organ is'increased. 


(<?) Maternal Endocrine Glands. 

It is of interest to investigate the possibility of detecting in 
these glands macroscopic changes which may be associated with 
the physiologic state of pregnancy. Attention has been directed 
mainly to the changes in weight. This is due to the fact that in 
most of these organs linear measurements are impracticable, while 
volume determinations (by the displacement method) on these small 
glands call for more time than could be allowed to lapse before 
sectioning and the initiation of fixation for later histological 
examination. 

In view r of the desirability of having in Group 1 only ew T es 
in the same phase of sexual life, all data from sheep judged to 
have been in anoestrum have been excluded. Thus this group 
comprises only ew r es at various stages of the dioestrus eyrie. 

Hypophysis .—Details of the mean weights of the various groups 
are presented in Table 36. 
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Table 36. 

Weight of Hypophysis, 


Groups of Kwes. 


No. 


Class. 


No. of Mean Weight of 

Observ. Hypophysis. 


1 Non-pregnant 

2 1st month... 

3 2nd month ... 

4 3rd month ... 
o ■ 4th month... 
fl { 5th month ... 


8 

11 

8 


7 


Gm. 

O*812o 

0-6682 

0*7438 

0*7700 

0*7280 

0*0600 


It is found Unit none of the differences between groups is 
significant even at the o per cent, level ot probability. When the 
data are placed in two groups only (pregnant and non-pregnant) 
the differences are still insignificant. 

In view of these findings no attempt has been made to analyse 
the data relating to length, width and depth of this organ. 

Thyroid , Ad minis and Kpiphysis. —For these organs fewer data 
are available, hence the method of grouping has been altered, group 2 
eomprising the former groups 3 and 4, while the former nos. "> 
and 6 have been amalgamated to form the third group of this section. 

Details of these glands are tabulated below' (Table 37). Not 
in a single instance is the difference between groups significant at 
P (Hlo. liven reduction of the number of groups to two (pregnant 
and non-pregnant) fails to disclose any significant difference. 


Taulk 37. 

Weights of Thyroid , Adrenal and Pineal. 



Gkoci-h of Kvnks. 

i 


Mean Weight. 




No. of 

! 





Observ. 

! 

1 i 


No. j 

Class. 


1 Thyroid. 

| Adrenal. , 

Pineal. 




Gm. 

Gin. 

Gm. 

l 

Non-pregnant. 

.. ! 5 

i 2'82 

3*24 

0*11 

2 

1st, 2nd and 3rd month. 

.. J 8 

' 1-68 

2*93 

0*14 

3 

4th and 5th month. 

12 

1 

i 2-42 

3-52 i 

0*14 


Corpus Lutvum .—For the study of this temporary endocrine 
gland recourse is had to a rather indirect method. The weights of 
the ovaries have been recorded, and by studying these it is hoped 
to gain some information regarding the changes in weight of the 
corpus luteum. Again the sheep are placed in six groups and in 
each of these two sub-groups are formed, comprising respectively 
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the data of the ovary with the corpus luteuiu ((Mi.) and those ot 
the ovary without this body (N.C.L.). Tn Table 38 details will be 
found. 

Table 38. 

Weights of Ovaries . 



Groups of Ewes. 


Mean Ovarian Wkujht. 


— 

No. of 


— 

No. 

Class. 

Observ. 

Ovary with 
C.L. 

Ovary without 
C.L. 




i Gm. 

Gm. 

1 

Non-prognant. 

9 

1-40 

0*69 

2 

1st month... 

12 

i 1-38 

0-66 

3 

2nd month. 

8 

j 1-44 

0*73 

4 

3rd month. 

H 

; 1-33 

0-67 

6 

4th month. 

7 

! 114 

0*61 

6 

6th month. 

5 

100 

0-58 


On analysis it is found that none of the differences between 
groups of the C.L. series is significant. In view of the fact that the 
corpus luteuni accounts for practically half the weight of the ovary 
in which it is located (see difference between the two ovaries of the 
same sheep), it is maintained that any change in size of the corpus 
will be reflected in the weight of the ovary. Consequently the above 
finding suggests that throughout pregnancy there is no significant 
change in the weight of the corpus luteuni. However, there is the 
possibility that changes of a compensating pature may occur in both 
the corpus and the remainder of the ovary. Hon ever, reference to 
the N.C.L. series shows that here no significant changes have 
occurred. Moreover, the downward trend in the last two groups is 
well reflected in both series/ This may be ascribed to progressive 
atresia of Graafian follicles, and the somewhat greater drop in the 
C.L. series may be attributed to this effect being more marked in 
the ovary carrying the corpus luteum (Hammond, 1927). 

From the above reasoning it is concluded that, at least in the 
present data, there is no evidence of any change in the weight of 
the corpus luteum throughout the course of pregnancy. 

Regarding all the endocrines it must be stated that no significant 
differences have been demonstrated. Probably the reason for this 
is that, considering the great variations encountered, the numbers of 
observations were too limited to allow of the detection of any changes 
that might have taken place. Probably the main value of this 
section lies in the fact that it demonstrates the futility of such 
studies on any bui very extensive groups of animals. 

(/) General. 

1. In the review of the literature it has been pointed out that 
the ovum may either become implanted in the horn on the same 
side as the ovary from which it originated, or it may migrate to 
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the opposite side. Attention is directed to the statement of (’lark 
(1930) that in the bovine more foetuses are carried in the right horn 
than in the left, and that this is not due to more fmjucnt. functioning 
of the right ovary, hut to more frequent migration from left to 
right. Considering the topography of the rumen one might conclude 
that the pressure exerted by this organ has an important bearing 
on these findings. The same would be expected to apply to the 
.sheep. 

The data collected during the course of the present work are 
presented in Table 39. 


'Faulk 39. 


Situation 

of Foetus and Corpus Luteum . 



! No Migration. Migration. ■ 

Total. 

Foetus in Kight Horn. 

. - is ‘ ;j 

21 

Foetus in Lett Horn. 

. JO 

1.3 

Total. 

. 28 s 

3tt 


My means of the X ? test it is possible to compare with each 
other migration and non-migration; migration to the right and 
migration 10 the left; foetus in right horn and foetus in left. Only 
in the first instance (migration and non-migration) do the observed 
figures differ significantly from their expected values. Thus it is 
seen that there is a very definite tendency for the ovum to become 
implanted on the side on which it is liberated. In fact, the odds 
are more than 100 to 1 against its migration. There is no significant 
difference regarding the number of foetuses carried in each horn, 
nor is migration more likely to occur in one direction than in the 
other. 

In \iew of the relatively small number of animals employed 
it bus been decided to include here the data supplied by Curson (1934). 
The details for the combined group of 72 ewes are set out in Table 40. 


Table 40. 

Situation of Foetus anil Corpus Luteum. 



No Migration. 

Migration. Total. 

Foetus in Kiglit Horn. 

37 

3 42 

Foetus in l^oft Horn. 

1 

25 

3 :u) 

! 

Totaj. 

62 

10 j 72 

~ 
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Although the difference between ** total right ” and “ total 
left ” appears to have been increased, it does not yet reach 
significance. It wall be seen that migrations have occurred with 
equal frequency in each direction. Further, tlu* preponderance of 
non-migrations over migrations is even greater here than in the 
previous table. Thus it is seen that the results obtained wuth the 
larger group of animals are practically identical with those of the 
present series alone. Therefore, one may conclude that in the sheep 
there is no special tendency towards migration in one direction, 
nor is there a tendency for the foetus to lie more frequently in one 
horn than in the other. Almost invariably will the foetus be situated 
in the horn corresponding to the ovary wdth the corpus luteum. 
Migration takes place but rarely, the odds against this occurrence 
being fairly long. 

2. At times it might be useful to be able to differentiate between 
the true weight of a pregnant ewe and the weight of the foetal 
system. In order to arrive at the correction to be applied to the 
gross weight, it is necessary to study the growth of the foetal system. 
As it was felt that the weight of the ewe might have some definite 
bearing on the weight of the foetal system, it w T as decided to 
incorporate this variable. However, Curson and Malan's (1937) 
method of reducing the weight of the foetal system to a percentage 
of the nett weight of the ewe (gross weight less weight of foetal 
system) does not appear to be justified, as it presumes a 
proportionality which has not yet been proved to exist. The more 
satisfactory method is to determine the equation for weight of the 
foetal system in terms of gestation age and weight of ewe. This 
equation is 

Log ( . Foetal system = 4*5176 f 2*3048 Log,. Gestation Age + 0*5105 

Log,. Nett Wt. of ewe. 

Weight F.S. in gm., Gestation Age in days and Weight of ewe in Kg. 

The coefficient for gestation age is highly significant, but that 
for weight of ewe is definitely insignificant. This means that it has 
not been possible to demonstrate that the weight of the ewe has any 
significant effect upon the weight of the foetal system. It must he 
pointed out that the ewes were all of fairly even size and that the 
weight of the foetal system is subject to large variation. These 
two factors may account for the insignificant result. 

However, having failed to demonstrate significance as regards 
nett weight of the ewe, there is no justification for the retention of 
this variable. Thus the equation is simplified by determining the 
weight of the foetal system in terms of gestation age: — 

Log© F.S. = -3*0337 -f 2*3891 Log 0 Gestation Age. 

The coefficient of variation is high, namely 20-87 per cent. 

Having obtained the weight of the foetal system, the nett weight 
of the ewe is obtained with ease: — 

Nett weights Gross Wt.—Wt. F.S. 

Gross Wt.—Antilog ( - 3-0337 + 2-3891 Log e 
Gest. Age). 
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As only data relating to sheep pregnant for ill days or longer 
have been employed, the above equation holds good only from the 
beginning of the second month of gestation. During ihe first month 
the weight of the foetal system is negligible. 

CHAPTER 5.—SUMMARY. 

Attention is directed to the paucity of information regarding 
prenatal growth of domesticated mammals and to the fact that much 
of the available knowledge is rendered practically valueless through 
lack of accurate definition. The importance of accurate standards 
for ageing foetuses is stressed. The present investigation aims at 
providing such standards for the Merino sheep. In addition, during 
the course of the work valuable data have been collected concerning 
those maternal systems which are chiefly associated in the repro¬ 
ductive process, i.e. the genitalia, the endocrines and the mammarv 
glands. Wherever possible, changes of a qualitative nature have 
been described in detail, while quantitative data have been subjected 
to statistical analysis. 

In the sheep it is found that, with the exception of the Fallopian 
tubes, the entire genital tract undergoes extensive enlargement during 
pregnancy. In the horns and the body of the uterus a significant 

enlargement is evident sooner than in the vagina and the cervix. 

Whereas the former have to carry the developing foetal system, 
increase in the latter merely anticipates the needs of parturition. 
Jn all these organs the enlargement observed is the result of active 
growth of the regions concerned, not of mere passive stretching. 

Jly about mid-term the placenta has reached its maximum 

development. After this there is a fall in weight, while the 

individual cotyledons tend to become flattened. Throughout 
pregnancy the weight of the foetal membranes increases steadily. 

The total volume of foetal fluid increases rapidly until the third 
month, remains practically unchanged during the fourth, and then 
again increases. The first increase is (lie result of lapid accumulation 
of umniotie fluid, while the second is due entirely to the allantoic 
fluid; for during the second half of gestation the volume of umniotie 
fluid becomes decreased. During the fourth month a balance is 
attained between allantoic increase and amniotic decrease. This 
flattening of the curve is reflected in most of the weights and measure¬ 
ments of the uterus. Although specific gravity and hydrogen-ion 
concentration of the fluids were considered, no important changes 
were detected. 

The weight of the maternal mammary gland begins to increase 
in the fourth month of gestation, hut the major portion of the 
increase occurs only in the last month. The watery secretion 
observed at mid-term changes gradually into the yellowish honey-like 
cholostral milk. 

Regarding the maternal endocrine glands it is concluded that 
as a result of large individual variations no significant macroscopic 
changes can be demonstrated. For such studies very large groups of 
animals would be necessary. 
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With reference to the foetus it is found that growth both in 
weight and in length follows a double parabolic trend represented 
by ihe formula 

Log 0 Dimension = a 4 b Log P Age + c (Log c Age) 2 . 

The coefficient of variation for weight is over 20 per cent., whereas 
that of the most satisfactory length measurement (length of the 
vertebral column) is under 4 per cent. 

The percentage growth-rates of both length and weight decrease 
steadily and continuously throughout prenatal life. There is no 
evidence of abrupt “ breaks " in these rates. 

The weight-length ratio of Ihe glowing foetus follows a simple 
logarithmic trend. The coefficient of variation is high, namely about 
17 per cent.; hence this ratio has little value as an index of age. 

in connection with regional growth it is found that with the 
exception of length of the neck (which is highly variable) all the 
dimensions considered are capable of representation by parabolae 
such as described for growth of the entire* body. From a consideration 
of the percentage growth-rates of these dimensions the theory is 
formed that changes in the proportions of the growing foetus are 
the result of differential rates of retardation of regional growth. 
The degree of retardation in any region appears In be proportional 
to the lapse of time since the inception of growth in that legion. 

In one comprehensive table are set out. the total, trend and 
residual correlation coefficients for each pair of dimensions, in 
all instances the total correlation is highly significant, but only 
between closely related dimensions is there a significant residual 
correlation. Thus in most instances the high total correlation is 
due almost entirely to the common growth-trend. 

As the object of the work is to provide ageing standards, details 
are furnished as to the manner *in which the above knowledge is to 
be applied. Special mention is made of a simple nomograph so 
constructed as to allow of the straightforward reading of age from 
one or more measured dimensions. 

In a supplementary section are considered the relation between 
the pregnant horn of the uterus and the situation of the corpus 
luteum, and the growth of the entire foetal system. In connection 
with the former it is concluded that there is a significant tendency 
for the foetus to be carried in the horn on the same side as the 
ovary containing the corpus luteum. The numbers of foetuses 
carried in each horn do not vary significantly, neither is there 
evidence of any tendency towards migration of the ovum in one 
special direction. 

Knowledge of the weight of the foetal system is of importance 
to workers wishing to adjust the live weights of pregnant ewes. 
In this investigation the nett weight of the ewe (i.e. gross weight 
less weight of foetal system) is found to have no significant effect 
on the weight of the foetal system. Hence an equation is presented 
in which the weight of the foetal system (i.e. the correction to 
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be applied) is given in terms only of tile length of gestation. How¬ 
ever, as the coefficient of variation is over 2f> per rent., the correction 

must be regarded as very approximate. 
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All length measurements given in centimeteres. 


















PRENATAL UKOWTH IN THE MEHINO SHEEP. 


APPENDIX “ B 

Comments on the Methods Adopted in Fitting Curves. 

As indicated in the text the weight-age data were the first to be con¬ 
sidered. The individual observations were translated to logarithmic form. 
For convenience let x signify these values of the age data, and y those of 
the weight data. It appeared that the plotting of y against x resulted in a 
straight-line distribution. Consequently the regression coefficient b was 
determined and a straight line with the formula Y = (y - bx) + bx was 
fitted. 

Next the standard deviation of a single observation about this line was 
calculated. Let this be S. 

The coefficient of variation = 100 X S % 

The significance of the coefficient of regression was tested by calculat¬ 
ing 


f — — 

SEC 


Although the significance was high the fact that the coefficient of variation 
was large and that the actual observations were badly scattered about, the 
regression line led one to believe that a better “ fit ” would be obtained by 
introducing also the square of the age, i.e., fitting a parabola. For this 
the formula is: — 

!l=y+b, (,r, -xj + b, U*,-./♦,) 


Here jr* represents the square of the age, and b , and b 2 are the coefficients. 
The former signifies the tendency towards straightness while the latter intro¬ 
duces the curved tendency. 

The coefficient of variation is calculated as before, while the significance 
of both coefficients is tested in the game manner as previously described. 


Both on account of the lower coefficient of variation and the improved 
distribution of the data about the line, it is concluded that this line “ fits ” 
the data more satisfactorily than the previous one. 

Tt will be remembered that in the above calculation both age and weight 
were represented in their logarithmic forms, in order to eliminate these* 
logarithms it is necessary to take antilogarithms on both sides of the question, 
fn this way it is possible to determine for any series of age values the corres¬ 
ponding expected values of weight. The construction of a smooth weight-age 
curve is then a simple matter. All the curves presented in chapter 4 (in 
the section concerning the foetus) were constructed in this manner. 

In the majority of cases it was obvious from the plotting of the logarithms 
of the dimensions ugainst those of age that a straight line would not give the 
best “ fit n . Therefore, this equation was not calculated. However, in all 
instances the coefficient of variation of the linear logarithmic trend was 
determined. This w r as done in order to establish definitely, in each ease, the 
superiority of the curved logarithmic trend. 


It is to be noted that the technique employed in these calculations, and, in¬ 
fect, throughout the whole work, is that standardized by R. A. Fisher in 
his “Statistical Methods for Research Workers ”, from which all basic 
formulae have been obtained. 
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and + signify respectively loss and gain in body weight. 
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